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ABS TRACT 

The purpose  of t h i s  i n v e s t i g a t i o n  i s  t o  d e v e l o p  s t r u c t u r a l  a d h e s i v e  
sys t ems  s u i t a b l e  f o r  u s e  w i t h  l i q u i d  oxygen. Work was c o n c e n t r a t e d  on t h e  
p r e p a r a t i o n  o f  f l u o r i n a t e d  po lyure thanes  . 

Seven p o l y u r e t h a n e s  were p r e p a r e d ,  f i v e  o f  which  were t e s t e d  f o r  l i q u i d  
oxygen c o m p a t i b i l i t y .  

Two p o l y u r e t h a n e s  were s y n t h e s i z e d  which  show r e a l  promise  a s  LOX- 
c o m p a t i b l e  a d h e s i v e s .  One p o l y u r e t h a n e  was p repa red  from t e t r a f  luoro-m- 
pheny lene  d i i s o c y a n a t e  and a p o l y e t h e r  o f  p e r f l u o r o p r o p y l e n e  o x i d e .  The o t h e r  
p o l y u r e t h a n e  was p repa red  from t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  and a 
p o l y e t h e r  o f  hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l .  I n i t i a l  l a p  s h e a r  
spec imens  bonded w i t h  e a c h  of  t h e s e  p o l y u r e t h a n e s  gave  e x t r e m e l y  p romis ing  
r e s u l t s .  

Two o t h e r  p o l y u r e t h a n e  sys tems were s y n t h e s i z e d ;  one by r e a c t i o n  o f  t h e  
p o l y e t h e r  f rom c h l o r o p e n t a f l u o r o i s o p r o p y l  a l c o h o l  w i t h  e i t h e r  of  t h e  t e t r a -  
f l u o r o - p h e n y l e n e  d i i s o c y a n a t e s ,  t h e  o t h e r  by r e a c t i o n  o f  t e t r a f l u o r o - m -  
pheny lene  d i i s o c y a n a t e  w i t h  a hydroxy l - t e rmina ted  p o l y u r e t h a n e  from h e x a f l u o r o -  
p e n t  aned i amine and hexa f l u o r o p e n t  amethylene  b i s  c h l o r  oforma t e  . 

P r e p a r a t i o n s  and s y n t h e t i c  s t u d i e s  were c a r r i e d  o u t  on a number of 
a d d i t i o n a l  monomers and p repo lymers .  
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I .  I N T R O D U C T I O N  

The p r e s e n t  and f u t u r e  u s e  of l i q u i d  oxygen (LOX) i n  s p a c e  v e h i c l e s  has 
c r e a t e d  a n  u r g e n t  r equ i r emen t  f o r  m a t e r i a l s  which  a r e  c o m p a t i b l e  w i t h  L O X .  
T h i s  r e q u i r e m e n t  e x i s t s  i n  many a r e a s  o f  a p p l i c a t i o n  i n c l u d i n g  c o a t i n g s ,  
e l a s t o m e r s ,  and a d h e s i v e s .  The development o f  LOX-compatible a d h e s i v e s  which 
have  s t r u c t u r a l  u t i l i t y  a t  c r y o g e n i c  t e m p e r a t u r e s  is  e s p e c i a l l y  d e s i r e d  t o  
a c h i e v e  c e r t a i n  c r i t i c a l  bonding o p e r a t i o n s  i n  v e h i c l e s  u s i n g  LOX. 

The development  o f  s u c h  a d h e s i v e s  depends  e n t i r e l y  on t h e  a v a i l a b i l i t y  
o f  s u i t a b l e  polymers  which  o f f e r  r e s i s t a n c e  t o  LOX. P r i o r  t o  t h i s  c o n t r a c t ,  
s u c h  polymers  were n o t  a v a i l a b l e .  Thus, a fundamen ta l  program of  polymer 
s y n t h e s i s  was e s s e n t i a l  t o  t h e  development of a LOX-compatible a d h e s i v e .  

The i n t e n t  of  t h e  program i s  t o  deve lop  polymers  which  w i l l  be  e s p e c i a l l y  
s u i t e d  t o  t h e  f o r m u l a t i o n  o f  a d h e s i v e  s y s t e m s .  The a p p l i c a t i o n  of  t h e s e  
polymers  i s  no t  l i m i t e d  t o  a d h e s i v e s ,  however. 

The o u t s t a n d i n g  c h a r a c t e r i s t i c s  of p o l y u r e t h a n e s  i n  e l a s t o m e r s  and adhe-  
s i v e s  for c r y o g e n i c  a p p l i c a t i o n  have been obse rved  by s e v e r a l  i n v e s t i g a t o r s .  
H igh ly  f l u o r i n a t e d  polymers ,  s u c h  a s  Te f lon  and Kel-F,  have a l s o  demons t r a t ed  
c r y o g e n i c  c a p a b i l i t y .  Al though t h e s e  a v a i l a b l e  m a t e r i a l s  form e x c e l l e n t  bonds 
which  o f f e r  LOX c o m p a t i b i l i t y  and c r y o g e n i c  pe r fo rmance ,  t h e  p r o c e s s i n g  con-  
d i t i o n s  r e q u i r e d  a r e  p r o h i b i t i v e .  P o l y u r e t h a n e s  show g r e a t e r  u t i l i t y  i n  t h a t  
t h e y  a r e  c a p a b l e  of  b e i n g  cu red  under  mi ld  c o n d i t i o n s ,  o r  even a t  ambient 
t e m p e r a t u r e .  The c o u p l i n g  of  t h i s  p r o c e s s i n g  c a p a b i l i t y  w i t h  good c r y o g e n i c  
pe r fo rmance  and LOX c o m p a t i b i l i t y  i n t i m a t e s  t h a t  t h e  h i g h l y  h a l o g e n a t e d  po ly -  
u r e t h a n e s  a r e  t h e  most l o g i c a l  polymer s y s t e m s .  T h e r e f o r e ,  t h e  ma jo r  emphasis  
d u r i n g  t h i s  program has  been  p l a c e d  on t h e  p r e p a r a t i o n  o f  h i g h l y  ha logena ted  
p o l y u r e t h a n e s  and t h e  monomers r e q u i r e d  f o r  t h e i r  p r e p a r a t i o n .  

A lesser amount of  work has  been d i r e c t e d  toward t h e  p r e p a r a t i o n  of  
h i g h l y  h a l o g e n a t e d  a n a l o g s  of  o t h e r  common po lymers ,  s u c h  a s  po lyamides ,  
p o l y i m i d e s ,  and p o l y u r e a s ,  which  have demons t r a t ed  some p a r t i c u l a r  c h a r a c t e r -  
i s t i c s  i n  a d h e s i v e  f o r m u l a t i o n s .  

From a fundamenta l  s t a n d p o i n t ,  t h e  r e s e a r c h  has  been  c a r r i e d  o u t  t o  
o b t a i n  b a s i c  i n f o r m a t i o n  r e g a r d i n g  t h e  LOX c o m p a t i b l i t y  o f  po lymers .  The 
i n f o r m a t i o n  r e q u i r e d  i n c l u d e s :  

1. The t y p e  and amount o f  ha logen  n e c e s s a r y  t o  i m p a r t  LOX 
c ompa t i b i 1 i t  y t o c and ida  t e polymer s 

2 .  The e f f e c t  of  d i f f e r e n t  f u n c t i o n a l  groups  and o t h e r  
s t r u c t u r a l  f e a t u r e s  on t h e  LOX c o m p a t i b i l i t y  of v a r i o u s  
polymers  w i t h  s i m i l a r  ha logen  c o n t e n t  

1 



The polymers p r e p a r e d  d u r i n g  t h i s  program have been  d e s i g n e d  s o  a s  t o  
o b t a i n  the most b a s i c  i n f o r m a t i o n  o f  t h e  n a t u r e  d e s c r i b e d  above .  T h i s  
i n f o r m a t i o n  w i l l  b e  u s e f u l  i n  t h e  d e s i g n  and p r e p a r a t i o n  o f  a n  improved 
LOX-compatible a d h e s i v e .  

2 



The work accompl ished  d u r i n g  t h e  p e r i o d  cove red  by  t h i s  r e p o r t  was 
c o n c e n t r a t e d  on t h e  p r e p a r a t i o n  of f l u o r i n a t e d  p o l y u r e t h a n e s .  

The LOX c o m p a t i b i l i t y  r e s u l t s  o b t a i n e d  on polymers s e n t  t o  George C .  
M a r s h a l l  Space  F l i g h t  C e n t e r  (MSFC) f o r  t e s t i n g  l e f t  t h e  c o m p a t i b i l i t y  of 
some of t h e s e  m a t e r i a l s  s t i l l  i n  q u e s t i o n .  The p o l y u r e t h a n e  from h e x a f l u o r o -  
p e n t  aned i o 1  and t e t r a  f luoro-m-pheny l ene  d i i s  ocyana t e i s  a lmos t c e r t a i n  l y  LOX 
c o m p a t i b l e ,  b u t  two f l a s h e s  were ob ta ined  d u r i n g  60 t e s t s .  The p o l y u r e t h a n e s  
p r e p a r e d  from t h e  p o l y e t h e r  of chloropentafluoroisopropyl a l c o h o l  and from 
t h e  p o l y e t h e r  of hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l  were a l l  LOX 
i n c o m p a t i b l e ,  b u t  i t  i s  v e r y  p o s s i b l e  t h a t  t h e i r  i n c o m p a t i b i l i t y  may b e  due  
t o  t r a p p e d  s o l v e n t .  The two p o l y u r e t h a n e s  p repa red  from t h e  p o l y e t h e r  o f  
p e r f l u o r o p r o p y l e n e  o x i d e  were LOX c o m p a t i b l e .  

Two p o l y u r e t h a n e  sys t ems  were s y n t h e s i z e d  wh ich  show r e a l  promise  o f  
m e e t i n g  t h e  r e q u i r e m e n t s  f o r  LOX-compatible a d h e s i v e s .  One sys t em was p r e -  
pa red  by r e a c t i o n  o f  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  w i t h  a hydroxyl -  
t e r m i n a t e d  p o l y e t h e r  p repa red  from p e r f l u o r o p r o p y l e n e  o x i d e .  I n i t i a l  l a p  
s h e a r  spec imens  bonded w i t h  t h i s  p o l y u r e t h a n e  a d h e s i v e  gave  e x t r e m e l y  p romis ing  
r e s u l t s  , e s p e c i a l l y  a t  -320°F. T e s t s  on a d d i t i o n a l  l a p  s h e a r  spec imens ,  
s u b j e c t e d  t o  100% humid i ty  f o r  4 weeks,  i n d i c a t e d  t h a t  t h e  bond s t r e n g t h  o f  
t h i s  a d h e s i v e  i s  o n l y  s l i g h t l y  a f f e c t e d  by  t h e s e  d r a s t i c  c o n d i t i o n s .  The 
h y d r o x y l - t e r m i n a t e d  p o l y e t h e r  t h a t  i s  t h e  b a s e  f o r  t h i s  p o l y u r e t h a n e  was 
p r e p a r e d  by p o l y m e r i z a t i o n  o f  p e r f l u o r o p r o p y l e n e  o x i d e  w i t h  p e r f l u o r o g l u t a r y l  
f l u o r i d e  and ces ium f l u o r i d e ,  fo l lowed  by r e d u c t i o n  of t h e  a c i d - f l u o r i d e  end 
g r o u p s .  

The o t h e r  p romis ing  p o l y u r e t h a n e  sys t em was s y n t h e s i z e d  by r e a c t i o n  of 
t e t r a f  l uo ro -p -pheny lene  d i i s o c y a n a t e  w i t h  a h y d r o x y l - t e r m i n a t e d  p o l y e t h e r  of 
hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l .  I n i t i a l  l a p  s h e a r  spec imens  
bonded w i t h  t h i s  p o l y u r e t h a n e  a d h e s i v e  a l s o  gave  e x t r e m e l y  p romis ing  r e s u l t s ,  
es p e c i a  1 l y  a t  room t e m p e r a t u r e .  

Two o t h e r  p o l y u r e t h a n e s  were s y n t h e s i z e d  b u t  showed l i t t l e  promise  a s  
c a n d i d a t e s  f o r  t h e  d e s i r e d  a d h e s i v e .  One was p r e p a r e d  by r e a c t i o n  of t h e  
p o l y e t h e r  from chloropentafluoroisopropyl a l c o h o l  w i t h  e i t h e r  o f  t h e  t e t r a -  
f l u o r o p h e n y l e n e  d i i s o c y a n a t e s .  The o t h e r  sys t em was p r e p a r e d  by r e a c t i n g  
t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  wi th  a low m o l e c u l a r  w e i g h t ,  hydroxy l -  
t e r m i n a t e d  p o l y u r e t h a n e  from hexafluoropentanediamine and h e x a f l u o r o p e n t a -  
me thy lene  b i s c h l o r o f o r m a t e .  

I n  a d d i t i o n  t o  t h e  p r e p a r a t i o n  of t h e  p o l y u r e t h a n e  d e s c r i b e d  a b o v e ,  
p o l y e t h e r s  from p e r f l u o r o p r o p y l e n e  oxide  were s u b j e c t e d  t o  d e h y d r a t i o n ,  
r e a c t i o n  w i t h  h e x a f l u o r o b e n z e n e ,  and e s t e r i f i c a t i o n  i n  a t t e m p t s  t o  p r e p a r e  
o t h e r  improved p repo lymers .  
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A d d i t i o n a l  s t u d i e s  on t h e  p r e p a r a t i o n  o f  t h e  h e x a f l u o r o b e n z e n e - h e x a f l u o r o -  
p e n t a n e d i o l  p o l y e t h e r  sys t em were conducted  u s i n g  t h e  d i l i t h i u m  s a l t  o f  
h e x a f l u o r o p e n t a n e d i o l  and u s i n g  t e t r a h y d r o f u r a n  (THF) a s  s o l v e n t  w i t h  N,N- 
dimethylformamide (DIIF) a s  a c a t a l y s t .  
hexaf  luorobenzene  and h e x a f l u o r o p e n t a n e d i o l  was p r e p a r e d .  

The amine - t e rmina ted  p o l y e t h e r  of  

Another  a t t e m p t  t o  p r e p a r e  a p o l y e t h e r  by r e a c t i o n  of  h e x a f l u o r o p e n t a n e -  
d i o l  w i t h  perfluoropenta-1,4-diene was u n s u c c e s s f u l .  

At tempts  t o  p r e p a r e  hydroxy l - t e rmina ted  p o l y e t h e r s  from h e x a f l u o r o -  
i s o p r o p y l  a l c o h o l  and t r i f l u o r o e t h a n o l  were u n s u c c e s s f u l .  

The r e a c t i o n  of poly(hexafluoropentamethy1ene c a r b o n a t e )  w i t h  s u l f u r  
t e t r a f l u o r i d e  y i e l d e d  a p romis ing  new p o l y e t h e r ,  b u t  t h e  s i m i l a r  r e a c t i o n  o f  
p o l y  (hexa f l uo ropen t  ame t h y l e n e  p e r f  l u o r o g l u t  a r a  t e)  f a  i l e d  . 

Monomers p repa red  f o r  t h e  f i r s t  t i m e  i n c l u d e  t h e  d i l i t h i u m  s a l t  o f  hexa-  
f l u o r o p e n t a n e d i o l  and hexafluoropentamethylene b i s  ( t r i f  luoromethane  s u l f o n a t e )  . 



111. DISCUSSIOIJ  

A .  L i q u i d  Oxygen C o m p a t i b i l i t y  

Dur ing  t h e  c u r r e n t  r e p o r t  p e r i o d ,  s i x  p o l y u r e t h a n e s  were p r e p a r e d  and 
t e s t e d  f o r  LOX c o m p a t i b i l i t y .  I n  a d d i t i o n ,  one  f l u o r i n a t e d  e t h e r  was p r e -  
pared  f o r  u s e  a s  a s o l v e n t  and i t s  LOX c o m p a t i b i l i t y  was t e s t e d .  R e s u l t s  
a r e  shown i n  t a b u l a r  form i n  S e c t i o n  I V .  

Annual Summary Repor t  111 c o n t a i n e d  t h e  r e s u l t s  o f  t h e  LOX-impact t e s t s  
on 8-1/2 m i l  t h i c k  d i s k s  of poly(hexafluoropentamethy1ene t e t r a f l u o r o - m -  
p h e n y l e n e  d i c a r b a m a t e ) .  There  were t h r e e  r e a c t i o n s  d u r i n g  20  t e s t s .  Also  
d e s c r i b e d  i n  t h a t  r e p o r t  was t h e  p r e p a r a t i o n  of  a l a r g e  amount of t h i s  po ly-  
u r e t h a n e ,  o f  h i g h e r  m o l e c u l a r  w e i g h t ,  which was s u b m i t t e d  a s  a powder f o r  
LOX t e s t i n g .  The r e s u l t s  o b t a i n e d  d u r i n g  t h i s  r e p o r t  p e r i o d  showed t h a t  t h e r e  
were two r e a c t i o n s  d u r i n g  60 t e s t s  a t  t h e  10-kg meter energy  l e v e l .  These 
r e a c t i o n s  c o u l d  w e l l  have been  d u e  t o  cup f l a s h e s .  

It  was shown p r e v i o u s l y  t h a t  t h e  p o l y e t h e r  p r e p a r e d  from c h l o r o p e n t a -  
f l u o r o i s o p r o p y l  a l c o h o l  was LOX c o m p a t i b l e  when a l l  t r a c e s  of s o l v e n t  were 
removed o r  when t h e  p o l y e t h e r  was prepared  i n  a LOX-compatible s o l v e n t .  
p o l y u r e t h a n e s  p r e p a r e d  from t h i s  p o l y e t h e r  s y s t e m  by  r e a c t i o n  w i t h  t e t r a -  
f luoro-m-phenylene and -p-phenylene d i i s o c y a n a t  es were LOX i n c o m p a t i b l e  , 
p r o b a b l y  b e c a u s e  of t r a p p e d  s o l v e n t .  
p e r i o d  t o  a g a i n  p r e p a r e  t h e  p o l y u r e t h a n e  from t h i s  p o l y e t h e r  w i t h  t e t r a f l u o r o -  
m-phenylene d i i s o c y a n a t e ,  which would n o t  c o n t a i n  any  t r a c e s  of  LOX-incompati- 
b l e  s o l v e n t s .  I n  a n  a t t e m p t  t o  f i n d  a s o l v e n t  which  c o u l d  b e  used f o r  t h e  
p r e p a r a t i o n  of t h e  hydroxy- te rmina ted  p o l y e t h e r ,  hexafluoropentamethylene o x i d e  
was p r e p a r e d  and t e s t e d  f o r  LOX c o m p a t i b i l i t y .  Al though i t  was shown t o  b e  
LOX c o m p a t i b l e ,  i t  was n o t  a good s o l v e n t  f o r  t h e  p r e p a r a t i o n  o f  t h e  p o l y -  
e t h e r .  Inasmuch a s  a s o l v e n t  c o u l d  not  b e  found which was b o t h  LOX c o m p a t i b l e  
and s u i t a b l e  f o r  t h e  p r e p a r a t i o n  of t h e  p o l y e t h e r ,  t h e  p o l y m e r i z a t i o n  r e a c t i o n  
was a g a i n  r u n  i n  THF. After  p r e p a r i n g  t h e  p o l y u r e t h a n e  from t h i s  p o l y e t h e r  
and t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e ,  a n  a t t e m p t  was made t o  remove t h e  
THF by h e a t i n g  t h e  p o l y u r e t h a n e  u n d e r  vacuum a t  60°C f o r  a long p e r i o d  o f  
t i m e .  E i t h e r  t h e  THF s o l v e n t  c o u l d  not  b e  c o m p l e t e l y  removed o r  t h e  poly-  
u r e t h a n e  s y s t e m  i s  t r u l y  LOX i n c o m p a t i b l e ,  a s  impact  t es t s  a g a i n  showed f i v e  
r e a c t i o n s  o u t  of  20 specimens t e s t e d .  

The 

An a t t e m p t  a s  made d u r i n g  t h i s  r e p o r t  

The p r e p a r a t i o n  o f  a h i g h  molecular  weight  p o l y e t h e r  o f  h e x a f l u o r o b e n z e n e  
and h e x a f l u o r o p e n t a n e d i o l  was a l s o  d e s c r i b e d  i n  t h e  Annual Summary Repor t  111. 
T h i s  p o l y e t h e r  was LOX i n c o m p a t i b l e ;  because  i t  was p r e p a r e d  i n  DXF, however,  
t h i s  i n c o m p a t i b i l i t y  may b e  d u e  t o  t r a p p e d  s o l v e n t .  Dur ing  t h i s  r e p o r t  p e r i o d ,  
a hydroxy- te rmina ted  p o l y e t h e r  o f  h e x a f l u o r o b e n z e n e  and h e x a f l u o r o p e n t a n e d i o l  
was p r e p a r e d  and p o l y u r e t h a n e s  prepared  from i t  by  r e a c t i o n  w i t h  t e t r a f l u o r o -  
m-phenylene d i i s o c y a n a t e  and t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e .  Both of 
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t h e s e  p o l y u r e t h a n e s  were LOX i n c o m p a t i b l e .  S i n c e  t h e  hydroxy- te rmina ted  
p o l y e t h e r s  were p repa red  i n  DMF, t h i s  i n c o m p a t i b i l i t y  most l i k e l y  is  due  t o  
t r a p p e d  s o l v e n t .  

Another  new hydroxy- te rmina ted  p o l y e t h e r  based  on t h e  p o l y m e r i z a t i o n  of  
p e r f l u o r o p r o p y l e n e  o x i d e  was p repa red  d u r i n g  t h i s  r e p o r t  p e r i o d .  P o l y u r e t h a n e s  
were prepared  by r e a c t i o n  o f  t h i s  p o l y e t h e r  w i t h  b o t h  t e t r a f l u o r o - m - p h e n y l e n e  
d i i s o c y a n a t e  and t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  and  s u b m i t t e d  f o r  LOX- 
impact  t e s t i n g .  Both  p o l y u r e t h a n e s  were LOX-compatible. 

B .  P o l y u r e t h a n e s  

1. From Po ly (pe r f luo ropropy1ene  o x i d e )  

One of  t h e  most s i g n i f i c a n t  deve lopments  a c h i e v e d  t o  d a t e  on t h i s  program, 
t h e  p r e p a r a t i o n  o f  a lmos t  c o m p l e t e l y  f l u o r i n a t e d  p o l y e t h e r - b a s e d  p o l y u r e t h a n e s ,  
was accompl ished  d u r i n g  t h i s  r e p o r t  p e r i o d .  The p r e p a r a t i o n  o f  t h e  hydroxy l -  
t e r m i n a t e d  p o l y e t h e r s  f rom p e r f l u o r o p r o p y l e n e  o x i d e  wh ich  were used  t o  p r e p a r e  
t h e s e  p o l y u r e t h a n e s  i s  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n  on p o l y e t h e r s .  The 
p o l y e t h e r s  were r e a c t e d  w i t h  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  and w i t h  
t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  t o  y i e l d  p o l y u r e t h a n e s .  P o l y e t h e r s  of  
two molecu la r  w e i g h t s ,  760  and 1510,  were u s e d .  

+ HOC 
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Tetraf luoro-m-phenylene  d i i s o c y a n a t e  was r e a c t e d  w i t h  760 m o l e c u l a r  we igh t  
p o l y e t h e r  i n  t h e  r a t i o  of  1 .5  t o  1, and t h e  r e s u l t i n g  i s o c y a n a t e - t e r m i n a t e d  
m a t e r i a l  was c u r e d  w i t h  tetrafluoro-m-phenylenediamine. The p r o d u c t  o b t a i n e d  
was f u r t h e r  cured  i n  a hea ted  p r e s s ,  y i e l d i n g  a c l e a r  b r i t t l e  s h e e t .  
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When t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  and i i i 0  m o i e c u i a r  w e i g l i t  
p o l y e t h e r  were r e a c t e d  i n  t h e  r a t i o  of 1 . 2 5  t o  1 and t h e  r e s u l t i n g  polymer 
advanced i n  a hea ted  p re s s ,  a s o f t  e l a s t i c  s h e e t  was o b t a i n e d .  

When t h e s e  r e a c t a n t s  were mixed  i n  a r a t i o  of  1 . 2  t o  1 and t h e n  c u r e d  
w i t h  tetrafluoro-m-phenylenediamine, a polymer was o b t a i n e d  which gave a 
f a i r l y  t o u g h ,  b u t  somewhat b r i t t l e  s h e e t  on f u r t h e r  c u r i n g  i n  a h e a t e d  p r e s s .  
LOX-impact specimens were  punched from t h i s  s h e e t .  

Bonded l a p  s h e a r  t e s t  specimens were p r e p a r e d  by two methods,  one 
i n v o l v i n g  a r a p i d  h i g h - t e m p e r a t u r e  cure  c y c l e  and t h e  o t h e r  i n v o l v i n g  a s low 
l o w - t e m p e r a t u r e  c u r e  c y c l e .  

F o r  t h e  f i r s t  s e t  of  s p e c i m e n s ,  t h e  1510 m o l e c u l a r  weight  p o l y e t h e r  and 
t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  were mixed i n  a r a t i o  of  1 t o  1 . 5  a t  
room t e m p e r a t u r e .  A c a t a l y t i c  amount o f  s t a n n o u s  o c t o a t e  was a d d e d .  A f t e r  
b e i n g  mixed f o r  5 m i n u t e s ,  g l a s s  beads w e r e  added and t h e  viscous p o l y u r e t h a n e  
was a p p l i e d  t o  2014-T3 c l a d  aluminum a d h e r e n d s .  The bonded specimens were 
t h e n  h e a t e d  i n  a p r e s s  under  2 0 0 - p s i  p r e s s u r e  a t  160°F f o r  45 m i n u t e s ,  220°F 
f o r  45 m i n u t e s ,  and f i n a l l y  a t  325°F f o r  45  m i n u t e s .  Two p a n e l s  of  bonded 
spec imens  were p r e p a r e d  by  t h i s  method. The specimens ( s i x  bonds)  from one 
p a n e l  were t e s t e d  immedia te ly  a f t e r  p r e p a r a t i o n .  The bond specimens from 
t h e  second p a n e l  were s t o r e d  i n  a humidi ty  chamber (100% h u m i d i t y )  f o r  
4 weeks and t h e n  t e s t e d .  Lap s h e a r  t e s t s  were r u n  b o t h  a t  room t e m p e r a t u r e  
and a t  - 3 2 0 ° F .  The r e s u l t s  , p a r t i c u l a r l y  t h o s e  a t  -320"F,  f o r  t h e  specimens 
t e s t e d  immedia te ly  a f t e r  p r e p a r a t i o n ,  i n d i c a t e d  t h a t  t h i s  p o l y u r e t h a n e  s y s t e m  
was a most p r o m i s i n g  c a n d i d a t e  f o r  a LOX-compatible a d h e s i v e .  The a v e r a g e  
l a p  s h e a r  s t r e n g t h  was 1220 p s i  a t  room t e m p e r a t u r e  and 3340 p s i  a t  -320°F. 
The t e s t  r e s u l t s  on t h e  bonded specimens s u b j e c t e d  t o  ex t reme humidi ty  c o n d i -  
t i o n s  i n d i c a t e d  t h a t  a l t h o u g h  some loss  i n  s t r e n g t h  o c c u r r e d ,  t h e  bond 
s t r e n g t h ,  e s p e c i a l l y  a t  -320"F,  i s  s t i l l  more t h a n  s u f f i c i e n t  t o  meet t h e  
r e q u i r e m e n t s  f o r  t h e  LOX-compatible a d h e s i v e .  

A second s e t  o f  l a p  s h e a r  t e s t  specimens were p r e p a r e d  a s  f o l l o w s .  A 
p o l y e t h e r  of  1510 m o l e c u l a r  w e i g h t  and t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  
i n  a r a t i o  o f  1 t o  2 were mixed a t  65"C,  c o o l e d  t o  room t e m p e r a t u r e ,  and a 
c a t a l y t i c  amount of  s t a n n o u s  o c t o a t e  added .  After b e i n g  s t i r r e d  f o r  5 m i n u t e s ,  
t h e  v i s c o u s  p o l y u r e t h a n e  was a p p l i e d  t o  t h e  2014-T3 c l a d  aluminum adherends  
and g l a s s  beads s p r i n k l e d  on t h e  bond b e f o r e  j o i n i n g .  The a d h e s i v e  was 
p a r t i a l l y  c u r e d  o v e r n i g h t  a t  room t e m p e r a t u r e  i n  a vacuum bag.  The bonded 
spec imens  were t h e n  removed from t h e  vacuum b a g ,  and c u r i n g  was completed by 
h e a t i n g  them a t  160°F f o r  48 h o u r s .  The t e s t  r e s u l t s ,  i n  p a r t i c u l a r  t h o s e  
a t  -320"F,  v e r i f i e d  t h a t  t h i s  p o l y u r e t h a n e  i s  indeed  a most p r o m i s i n g  c a n d i d a t e  
f o r  a LOX-compatible a d h e s i v e .  The a v e r a g e  l a p  s h e a r  s t r e n g t h  was 1386 p s i  
a t  room t e m p e r a t u r e  and 3740 p s i  a t  -320°F.  

T e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  was r e a c t e d  w i t h  760 m o l e c u l a r  
weight  p o l y e t h e r  i n  t h e  r a t i o  of  1.1 t o  1. The r e s u l t i n g  polymer was c u r e d  
i n  a h e a t e d  p r e s s  and y i e l d e d  a c l e a r  b r i t t l e  s h e e t .  
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When the t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  was r e a c t e d  w i t h  1510 molecu- 
l a r  weight  p o l y e t h e r  i n  t h e  r a t i o  of 1 .5  t o  1 u s i n g  a t r a c e  of s t a n n o u s  o c t o a t e  
a s  c a t a l y s t ,  a polymer was o b t a i n e d  which ,  when h e a t - c u r e d  i n  a p r e s s ,  y i e l d e d  
a tough e l a s t i c  s h e e t .  LOX-impact spec imens  were punched from t h i s  s h e e t .  

The p r e p a r a t i o n  o f  an  amine - t e rmina ted  p o l y e t h e r  o f  hexa f luo robenzene  
and h e x a f l u o r o p e n t a n e d i o l  i s  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n  of t h i s  r e p o r t .  
Th i s  amine- te rmina ted  p o l y e t h e r  was used  a s  a c u r i n g  a g e n t  w i t h  t h i s  p o l y u r e -  
t h a n e  sys t em.  T e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  and 1510 m o l e c u l a r  weight  
p e r f l u o r o p r o p y l e n e  e t h e r  based  p o l y e t h e r  were mixed i n  a r a t i o  of 2 t o  1 a t  
150°C. A f t e r  c o o l i n g  t h e  m i x t u r e  t o  65"C, t h e  amine - t e rmina ted  p o l y e t h e r  was 
s t i r r e d  i n .  Cur ing  was comple ted  i n  a h e a t e d  p r e s s ,  y i e l d i n g  a n  e l a s t i c  s h e e t  
which had poor t e a r  s t r e n g t h .  

2 .  From t h e  Hydroxyl-Terminated P o l y e t h e r  of Hexaf luo robenzene  and 
Hexa f l u o r  opent  aned i o l  

The p r e p a r a t i o n  of a c o m p l e t e l y  h y d r o x y l - t e r m i n a t e d  p o l y e t h e r  of hexa- 
f l u o r o b e n z e n e  and h e x a f l u o r o p e n t a n e d i o l  i s  d e s c r i b e d  i n  t h e  p o l y e t h e r  s e c t  i o n  
o f  t h i s  r e p o r t .  

A f l e x i b l e  p o l y u r e t h a n e  was p repa red  by r e a c t i o n  o f  a 2280 m o l e c u l a r  
weight  p o l y e t h e r  o f  hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l  w i t h  t e t r a -  
f l uo ro -p -pheny lene  d i i s o c y a n a t e  i n  t h e  r a t i o  o f  1 t o  1.05.  T h i s  p o l y u r e t h a n e  
was hea t - cu red  i n  a p r e s s ,  y i e l d i n g  a 10-mi l  t h i c k  s h e e t  from which LOX-impact 
t e s t  specimens were punched. 

r 1 

The r e a c t i o n  o f  t h e  same 2280 m o l e c u l a r  weight  p o l y e t h e r  w i t h  t e t r a -  
f luoro-m-phenylene d i i s o c y a n a t e  i n  t h e  r a t i o  of 1 t o  1.05 a l s o  y i e l d e d  a 
f l e x i b l e  p o l y u r e t h a n e ,  from which  a 1 4 - m i l  t h i c k  s h e e t  was p r e p a r e d  by a 
h e a t e d  p re s s  c u r e .  LOX-impact t e s t  spec imens  were a l s o  punched from t h i s  
s h e e t  . 
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The r e a c t  i o n  o f  a i500 moiecu ia r  we igh t  p o i y e t h e r  w i t h  t e t r a i i u o r u - m -  
pheny lene  d i i s o c y a n a t e  y i e l d e d  a b r i t t l e  p o l y u r e t h a n e .  

Bonded l a p  s h e a r  t e s t  spec imens  were p repa red  by mixing t h e  2280 rnolecu- 
l a r  we igh t  hexafluorobenzene-hexafluoropentanediol p o l y e t h e r  and t e t r a f l u o r o -  
p-phenylene  d i i s o c y a n a t e  i n  a r a t i o  of 1 t o  1 .05  a t  70"C, t h e n  a p p l y i n g  t h e  
v i s c o u s  p o l y u r e t h a n e  t o  2024-T3 c l a d  aluminum a d h e r e n d s .  The bonded spec imens  
were h e a t e d  a t  275°F and 200 p s i  f o r  2 hour s  t o  comple t e  t h e  c u r i n g  of  t h e  
p o l y u r e t h a n e .  The r e s u l t s  o f  t h e  l a p  s h e a r  t e s t s  r u n  b o t h  a t  room t e m p e r a t u r e  
and a t  -320°F i n d i c a t e  t h a t  t h i s  p o l y u r e t h a n e  s y s t e m  i s  indeed  a p romis ing  
a d h e s i v e  c a n d i d a t e .  The a v e r a g e  l a p  s h e a r  s t r e n g t h  was 2600 p s i  a t  room 
t e m p e r a t u r e  and 800 p s i  a t  -320°F. 

An a t t e m p t  t o  p r e p a r e  s u i t a b l e  bonds by  r e a c t i o n  of  t h e  same 2280 molecu- 
l a r  w e i g h t  p o l y e t h e r  w i t h  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  was u n s u c c e s s f u l .  
The r e a c t i o n  was s o  r a p i d  t h a t  t h e  p o l y u r e t h a n e  g e l l e d  b e f o r e  i t  cou ld  b e  
p r o p e r l y  a p p l i e d  t o  t h e  aluminum t e s t  spec imens .  

3 .  From t h e  P o l y e t h e r  o f  C h l o r o p e n t a f l u o r o i s o p r o p y l  A lcoho l  

A s  was d e s c r i b e d  i n  Annual Summary Repor t  111, t h e  p o l y e t h e r  of  c h l o r o -  
p e n t a f l u o r o i s o p r o p y l  a l c o h o l  was found t o  b e  LOX c o m p a t i b l e  when a l l  t r a c e s  
o f  s o l v e n t  were removed. T h e r e f o r e ,  a d d i t i o n a l  e f f o r t  was expended t o  p r e p a r e  
a u s a b l e  LOX-compatible p o l y u r e t h a n e  a d h e s i v e  from t h i s  p o l y e t h e r .  

A 3860 molecu la r  we igh t  p o l y e t h e r  p r e p a r e d  from chloropentafluoroisopropyl 
a l c o h o l  b y  i n i t i a t i o n  w i t h  t h e  monosodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  r e -  
a c t e d  w i t h  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  i n  THF t o  form a p o l y u r e t h a n e .  
T h i s  polymer was a .  s o f t ,  s l i g h t l y  e l a s t i c  m a t e r i a l .  

HOCH2(CF2)3CH2-0 CF2-CH-0 H + o c N ~ N c o  I___+ 

A f a i r l y  tough ,  s l i g h t l y  e l a s t i c  p o l y u r e t h a n e  was p r e p a r e d  b y  r e a c t i o n  
of  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  w i t h  a 1325 m o l e c u l a r  we igh t  po ly -  
e t h e r  o f  chloropentafluoroisopropyl a l c o h o l .  The p o l y u r e t h a n e  was c u r e d  i n  
a h e a t e d  p r e s s  t o  a s l i g h t l y  e l a s t i c  21-mi l  t h i c k  s h e e t  f rom which LOX-impact 
t e s t  spec imens  were punched.  
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A similar polyurethane was prepared from tetrafluoro-p-phenylene di- 
isocyanate and 1325 molecular weight polyether but it was a brittle material. 

4 .  From Poly(hexafluoropentamethy1ene h e x a f l u o r o p e n t a m e t h y l e n e  dicarbamate) 

The preparation of a low molecular weight hydroxyl-terminated polyurethane 
from hexa f luo ropen taned iamine  and h e x a f l u o r o p e n t a m e t h y l e n e  bischloroformate 
was reported in Annual Summary Report 111. This polyurethane system has been 
shown t o  be LOX compatible. The viscous, low molecular weight polyurethane 
was reacted during this report period with tetrafluoro-m-phenylene diisocyanate 
in an attempt to prepare a usable high molecular weight polyurethane. 
polymer obtained was a brittle material. 

The 

A low molecular weight, amino-terminated polyurethane based on the same 
polymer system was prepared by reaction of hexa f luo ropen tame thy lene  bischloro- 
formate with excess hexa f luo ropen taned iamine .  This viscous polyurethane had 
a molecular weight of 750. 

0 0 
1 II 

C 1-C-OCH2 (CF2)3CH20-C-C1  + H2NCH2 (CF2)3CH2NH2- 

0 
It 

HCH2 ( C F 2 )  3CH2NHC-OCH2 ( C F 2 )  NHCH2 ( C F 2 )  3CH2NH2 

This polyurethane was reacted with tetrafluoro-m-phenylene diisocyanate to 
yield a cross-linked polyurethane-urea which became elastic at elevated 
temperatures but embrittled on cooling. 
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H O  O H  H 
I I1 I1 I 

H2NCH2(CF2)3CH2N+-O-CH2(CP 2 3  ) CH 2 - O - C - N - C H 2 ( C F 2 ) 3 C H 2 - i  &H J* + U C N ~ R C o  + 

C . Polye t  h e r s  

1. From P e r f l u o r o p r o p y l e n e  Oxide  

The p r e p a r a t i o n  of  p e r f l u o r o p r o p y l e n e  o x i d e  was d e s c r i b e d  i n  Annua 1 
Summary Repor t  111. A l s o  d e s c r i b e d  i n  t h a t  r e p o r t  were s e v e r a l  u n s u c c e s s f u l  
a t t e m p t s  a t  i t s  p o l y m e r i z a t i o n .  A r e c e n t  p a t e n t  (Refe rence  1 )  d e s c r i b e d  t h e  
p r e p a r a t i o n  of  a n  a c i d  f l u o r i d e  t e rmina ted  p o l y e t h e r  by r e a c t i o n  of  p e r f l u o r o -  
p r o p y l e n e  o x i d e  w i t h  p e r f l u o r o g l u t a r y l  f l u o r i d e  and ces ium f l u o r i d e .  The 
c o n v e r s i o n  o f  t h i s  a c i d  f l u o r i d e  t e r m i n a t e d  p o l y e t h e r  t o  i t s  d i e s t e r  was a l s o  
d e s c r i b e d  . 

0 0 
II Y 

CF2 + FC(CF2)3)CF + CsF 
O\ 

CF3-CF - 

0 
I) 

FC 

Dur ing  t h i s  r e p o r t  p e r i o d ,  w e  s u c c e s s f u l l y  c a r r i e d  o u t  t h e  p o l y m e r i z a t i o n  
of  t h i s  p o l y e t h e r .  Convers ion  of t h i s  p o l y e t h e r  t o  a hydroxy l - t e rmina ted  
m a t e r i a l  was a n  e x c i t i n g  and impor tan t  deve lopment .  

The p r e p a r a t i o n  of  p u r e  p e r f l u o r o p r o p y l e n e  o x i d e  i s  r e p o r t e d  i n  t h e  
monomer s e c t i o n  o f  t h i s  r e p o r t .  
z a t i o n  o f  p e r f l u o r o p r o p y l e n e  o x i d e  w i t h  p e r f l u o r o g l u t a r y l  f l u o r i d e  and ces ium 
f l u o r i d e .  The y i e l d  and d e g r e e  o f  p o l y m e r i z a t i o n  o f  t h e  a c i d  f l u o r i d e  

A p r e l i m i n a r y  s t u d y  was made on t h e  polymer i -  
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t e r m i n a t e d  p o l y e t h e r  was shown t o  b e  d r a s t i c a l l y  a f f e c t e d  by t h e  p u r i t y  and 
d r y n e s s  of t he  ces ium f l u o r i d e .  The m o l e c u l a r  w e i g h t s  o b t a i n e d  v a r i e d  from 
445 t o  1030. I t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  t h e  h i g h e s t  m o l e c u l a r  weight  
m a t e r i a l  was o b t a i n e d  when t h e  epox ide  used was r e c o v e r e d  from p r e v i o u s  
r e a c t i o n s .  

The p r e p a r a t i o n  of t h e  p o l y e t h e r  of p e r f l u o r o p r o p y l e n e  o x i d e  was t h e n  
s c a l e d  up. Y ie lds  a s  h igh  a s  87% were  o b t a i n e d  from t h e s e  l a r g e r  s c a l e  
p o l y m e r i z a t i o n s .  The b e s t  y i e l d s  and h i g h e s t  m o l e c u l a r  we igh t  p o l y e t h e r s  
were  o b t a i n e d  when perfluoro-2-methyl-3-oxaoctanedioyl f l u o r i d e  ( t h e  monoether 
of  p e r f l u o r o g l u t a r y l  f l u o r i d e  and p e r f l u o r o p r o p y l e n e  o x i d e )  was used  a s  t h e  
i n i t i a t o r  a long  w i t h  r e c o v e r e d  p e r f l u o r o p r o p y l e n e  o x i d e .  

The a c i d  f l u o r i d e - t e r m i n a t e d  p o l y e t h e r s  were  i n i t i a l l y  c o n v e r t e d  t o  
t h e i r  m e t h y l  e s t e r s  which  were t h e n  r educed  t o  t h e  c o r r e s p o n d i n g  hydroxy l -  
t e r m i n a t e d  m a t e r  i a  Is. 

U I  LAH 

Al though t h e  y i e l d s  were  v e r y  good ( c o n s i s t e n t l y  i n  t h e  o r d e r  of 80%), i t  
was l a t e r  found t h a t  t h e  d i r e c t  r e d u c t i o n  of t h e  a c i d  f l u o r i d e - t e r m i n a t e d  
p o l y e t h e r s  by l i t h i u m  aluminum h y d r i d e  was a more r a p i d  r e a c t i o n  and t h a t  
t h e  y i e l d s  were v i r t u a l l y  q u a n t i t a t i v e .  

LAH 
THF 

* 

These hydroxy l - t e rmina ted  p o l y e t h e r s  were used  t o  p r e p a r e  t h e  p o l y u r e t h a n e s  
d e s c r i b e d  i n  t h e  f i r s t  s e c t i o n  of t h i s  r e p o r t .  
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I n  an i n i t i a l  a t t e m p t  t o  ex tend  t h e  m o l e c u l a r  weight  of p o l y e t h e r s  p r e -  
pa red  from p e r f l u o r o p r o p y l e n e  o x i d e ,  a p o l y e t h e r  o f  t h i s  t y p e  was h e a t e d  w i t h  
c o n c e n t r a t e d  s u l f u r i c  a c i d  a t  180°-193"C f o r  I 8  h o u r s .  There  was EO i n d i c a -  
t i o n  o f  d e h y d r a t i o n .  

U n s u c c e s s f u l  a t t e m p t s  were a l s o  made t o  p r e p a r e  p o l y e t h e r s  from 2 - t r i -  
f luoromet  hyl -3-oxa-2 ,4 ,4  , 5 , 5 , 6  , 6 , 7 ,7-nona f l u o r o -  1 ,8 -oc taned  i o 1  ( t h e  monoet her  
of  p e r f l u o r o p r o p y l e n e  o x i d e  and p e r f l u o r o g l u t a r y l  f l u o r i d e )  by d e h y d r a t i o n  
w i t h  phosphorus  p e n t o x i d e  and w i t h  s u l f u r i c  a c i d .  

YF3 
HOCH~-CF-O-  ( C F ~ ) ~ - C H ~ O H  

A p r e l i m i n a r y  s t u d y  was c a r r i e d  ou t  on t h e  p r e p a r a t i o n  o f  a p o l y e t h e r  
by r e a c t i o n  o f  hexa f luo robenzene ,  po ta s s ium hydrox ide ,  and a hydroxyl -  
t e r m i n a t e d  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e .  

The r e a c t i o n  was c a r r i e d  out bo th  i n  DMF and i n  THF w i t h  a c a t a l y t i c  
amount of DMF. I n  b o t h  r e a c t i o n s ,  m a t e r i a l  was o b t a i n e d  whose i n f r a r e d  s p e c t r a  
i n d i c a t e d  t h e  p r e s e n c e  o f  b o t h  a l i p h a t i c  and a r o m a t i c  f l u o r i n e s  and t h e  
f l u o r i n a t e d  a r o m a t i c  r i n g .  The molecu la r  weight  o f  t h e s e  p r o d u c t s ,  however,  
i n d i c a t e d  t h a t  t h e  o n l y  r e a c t i o n  t h a t  had o c c u r r e d  was t h e  c a p p i n g  o f  a few 
of t h e  ends w i t h  h e x a f l u o r o b e n z e n e .  
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Another  p r e l i m i n a r y  s t u d y  was begun on t h e  p r e p a r a t i o n  of p o l y e s t e r s  
based  on t h e  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e .  When an a c i d  f l u o r i d e -  
t e r m i n a t e d  p o l y e t h e r  p r e p a r e d  from p e r f l u o r o p r o p y l e n e  o x i d e  and p e r f l u o r o -  
g l u t a r y l  f l u o r i d e  was r e a c t e d  w i t h  h e x a f l u o r o p e n t a n e d i o 1 ,  a p roduc t  was 
o b t a i n e d  i n  poor y i e l d  whose i n f r a r e d  spec t rum i n d i c a t e d  t h a t  i t  c o n t a i n e d  
e s t e r  g roups .  

F F 3  1 YF3 07 
2 .  From H e x a f l u o r o p e n t a n e d i o l  

a .  P o l y e t h e r s  of Hexaf luorobenzene  and H e x a f l u o r o p e n t a n e d i o l  

I n  an e f f o r t  t o  more c l o s e l y  c o n t r o l  t h e  m o l e c u l a r  we igh t  of t h e  
p o l y e t h e r  o f  hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l  and p o s s i b l y  o b t a i n  
comple t e  hydroxyl t e r m i n a t i o n ,  a s t u d y  was begun on t h e  r e a c t i o n  o f  t h e  d i -  
l i t h i u m  s a l t  of hexaf  l u o r o p e n t a n e d i o l  w i t h  hexaf  l uo robenzene .  

P u r e  d i l i t h i u m  s a l t  of h e x a f l u o r o p e n t a n e d i o l  was p r e p a r e d  ( d e s c r i b e d  i n  
t h e  monomer s e c t i o n  of t h i s  r e p o r t )  and r e a c t e d  w i t h  hexa f luo robenzene  i n  t h e  
r a t i o  o f  1.02 t o  1 i n  e t h y l  e t h e r ,  THF, and DMF. No r e a c t i o n  took  p l a c e  i n  
e t h y l  e t h e r  or i n  THF. A m o d e r a t e l y  low m o l e c u l a r  w e i g h t  (765)  p o l y e t h e r  was 
formed i n  r e f l u x i n g  DMF s o l u t i o n .  T h i s  p o l y e t h e r  was r e a c t e d  f u r t h e r  w i t h  
d i l i t h i u m  s a l t  i n  r e f l u x i n g  DMF i n  an a t t e m p t  t o  i n c r e a s e  t h e  m o l e c u l a r  w e i g h t  
and t o  o b t a i n  comple t e  hydroxy l  t e r m i n a t i o n .  A h i g h e r  m o l e c u l a r  we igh t  
m a t e r i a l  (1150) was o b t a i n e d ,  b u t  o n l y  about  one -ha l f  of t h e  ends were  
hydroxy l - t e rmina ted .  

The r e a c t i o n  o f  t h e  d i l i t h i u m  s a l t  w i t h  hexa f luo robenzene  was r e p e a t e d  
a t  room t e m p e r a t u r e  i n  DMF. The r a t i o  of d i l i t h i u m  s a l t  t o  hexa f luo robenzene  
was 1.02 t o  1. The p roduc t  from t h i s  r e a c t i o n  was of modera t e  m o l e c u l a r  
we igh t  (1090) b u t  i t  c o n t a i n e d  v e r y  few hydroxy l  end g r o u p s .  

14 



The u s e  of  DNF a s  t h e  s o l v e n t  f o r  t h e  p r e p a r a t i o n  o f  p o l y e t h e r s  of  hexa- 
f l u o r o b e n z e n e  and h e x a f l u o r o p e n t a n e d i o l  has p r o b a b l y  been r e s p o n s i b l e  f o r  t h e  
LOX impact  s e n s i t i v i t y  of  po lyu re thanes  p repa red  from t h e s e  p o l y e t h e r s .  I t  
i s  e x t r e m e l y  d i f f i c u l t  t o  c o m p l e t e l y  remove a l l  o f  t h e  DMF from t h e  p o l y e t h e r s  
and p o l y u r e t h a n e s .  The r e a c t i o n s  o f  hexa f luo robenzene  w i t h  h e x a f l u o r o p e n t a n e -  
d i o l  and po ta s s ium hydrox ide  and w i t h  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  
would n o t  p r o c e e d ,  a t  l e a s t  t o  any s i g n i f i c a n t  d e g r e e ,  i n  any o t h e r  s o l v e n t  
t r i e d .  I n  Annual Summary Repor t  111, i t  was s u g g e s t e d  t h a t  t h i s  r e a c t i o n  
o c c u r r e d  a t  an  a p p r e c i a b l e  r a t e  o n l y  i n  DMF because  o f  s a l t  fo rma t ion  fo l lowed 
by a n u c l e o p h i l l i c  d i s p l a c e m e n t  by t h e  mono-anion o r  d i a n i o n  o f  h e x a f l u o r o -  
p e n t a n e d i o l .  

1 H 
I 

.O -C=N ( CH3 ) 
0 0  

F + 00 
K OCH2(CF2)3CH20H 

0 8  00 00 
F + K OCH2(CF2)3CH20 K - 
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I f  t h i s  t y p e  of  mechanism was i n d e e d  o p e r a t i n g ,  o n l y  a c a t a l y t i c  
amount of  DMF would be  r e q u i r e d  f o r  t h e  r e a c t i o n  t o  p r o c e e d .  To t e s t  t h e  
v a l i d i t y  o f  t h i s  assumpt ion  and t o  avoid  t h e  problem of u s e  of  t h e  d i f f i c u l t -  
to-remove DMF a s  s o l v e n t ,  t h e  r e a c t i o n  was r u n  i n  THF w i t h  a c a t a l y t i c  amount 
o f  DMF. The r e a c t i o n  of  h e x a f l u o r o b e n z e n e ,  h e x a f l u o r o p e n t a n e d i o l  and p o t a s s i u m  
h y d r o x i d e  (1:1:2) i n  r e f l u x i n g  THF w i t h  a c a t a l y t i c  amount o f  DMF gave a n  81% 
y i e l d  of  t h e  d e s i r e d  p o l y e t h e r  (1850 m o l e c u l a r  w e i g h t ) .  

A new approach  t o  t h e  p r e p a r a t i o n  o f  c o m p l e t e l y  h y d r o x y l - t e r m i n a t e d  
p o l y e t h e r s  was i n i t i a t e d  d u r i n g  t h i s  r e p o r t  p e r i o d .  Low m o l e c u l a r  w e i g h t  
p o l y e t h e r s  c o n t a i n i n g  b o t h  h y d r o x y l  and p e n t a f l u o r o b e n z e n e  end groups  , were 
r e a c t e d  w i t h  d i h y d r o p y r a n .  T h i s  p r o t e c t e d  a l l  o f  t h e  h y d r o x y l  g r o u p s ,  a s  
i n d i c a t e d  by t h e  d i s a p p e a r a n c e  o f  hydroxyl  a b s o r p t i o n s  i n  t h e  i n f r a r e d  s p e c t r a  
of t h e  p r o d u c t s .  

The capped p o l y e t h e r s  were t h e n  r e a c t e d  w i t h  t h e  monosodium s a l t  of 
h e x a f l u o r o p e n t a n e d i o l  i n  o r d e r  t o  p u t  w-hydroxy-hexafluoropentoxy groups  on 
a l l  of  t h e  p e n t a f l u o r o p h e n y l  ends of  t h e  polymers .  The hydroxyl  end group 
d e t e r m i n a t i o n s  and i n f r a r e d  s p e c t r a  o f  t h e  p o l y e t h e r s  v e r i f i e d  t h e  p r e s e n c e  
o f  h y d r o x y l  groups i n  t h e  d e s i r e d  p r o d u c t s .  

F @ ) - o C H ~ ( C F ~ ) ~ C H ~ - O ~  + Na 00 OCH2(CF2)3CH20H DMF > 

HOCH2 (CF2)3CH20 4 C H 2  (CF2)3CH2-0 

L 

A c i d  h y d r o l y s i s  of t h e  d i h y d r o p y r a n  p r o t e c t i n g  g r o u p s  y i e l d e d  t h e  
d e s i r e d  h y d r o x y l - t e r m i n a t e d  p o l y e t h e r s .  

H 0 
H2° 

4 r 

r '1 

L J 
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The p o l y u r e t h a n e s  which were  s u b s e q u e n t l y  p r e p a r e d  from t h e s e  p o l y e t h e r s  were 
d e s c r i b e d  e a r l i e r  i n  t h i s  r e p o r t .  

b .  Amine-Terminated P o l y e t h e r  of Hexaf luorobenzene  and Hexaf luoro-  
p e n t a n e d i o l  

The s y n t h e s i s  o f  a n  amine-terminated p o l y e t h e r  o f  hexaf luorobenzene  
and h e x a f l u o r o p e n t a n e d i o l  was s t u d i e d  d u r i n g  t h i s  r e p o r t  p e r i o d .  T h i s  po ly-  
e t h e r d i a m i n e ,  when used a s  a c u r i n g  a g e n t ,  might produce  more f l e x i b l e  poly-  
u r e t h a n e s .  

The p e n t a  f l u o r o p h e n y l -  t e r m i n a t  ed p o l y e t  h e r  o f  hexa f l u o r o b e n z e n e  and 
h e x a f l u o r o p e n t a n e d i o l  was p r e p a r e d  by t h e  method r e p o r t e d  i n  Annual Summary 
R e p o r t  111. A s  t h e  f i r s t  p r e p a r a t i o n  a t t e m p t e d  t h i s  q u a r t e r ,  t h e  p o l y e t h e r  
was r e a c t e d  w i t h  aqueous ammonia i n  a bomb f o r  26  h o y r s  a t  116"C, b u t  n o  
r e a c t i o n  o c c u r r e d .  Dur ing  t h e  second a t t e m p t ,  t h e  r e a c t a n t s  were h e a t e d  a t  
200°C f o r  1 6  h o u r s .  A 48% y i e l d  o f  a brown o i l  was o b t a i n e d  which was iden-  
t i f i e d  a s  t h e  d e s i r e d  amine- te rmina ted  p o l y e t h e r  by i t s  i n f r a r e d  s p e c t r u m  and 
t h e  c o r r e l a t i o n  between m o l e c u l a r  weight (by  VPO) , and amine end-group 
ana l y s  i s .  

I- - 
OCH2(CF2)3CH20 F + NH3 ( a q . )  _______) 

J L 

f' 1 

L J 

c .  P o l y e t h e r  of  Perfluoropenta-1,4-diene and H e x a f l u o r o p e n t a n e d i o l  

An a t t e m p t  was made p r e v i o u s l y  t o  p r e p a r e  t h i s  p o l y e t h e r  by r e a c t i o n  
o f  hexa f l u o r  open t a ned i o l  w i t h  p e r f  l u o r o p e n t  a - 1,4-d i e n  e us  i n g  p o t  a s s  ium hydroxide  
i n  a c e t o n e .  T h i s  was d e s c r i b e d  i n  Annual Summary Repor t  111. 

f 1 
C F ~ = C F  - C F ~ C F = C F ~  + H O C H ~  ( C F ~  I ~ C H ~ O H  OCH2 ( CF2 ) 3C H20  -CF2C HF-CF2C HF -CF 

I n s t e a d  o f  t h e  d e s i r e d  p o l y e t h e r ,  t h e  compound o b t a i n e d  was b e l i e v e d  t o  con- 
s i s t  o f  a n  a d d i t i o n  p r o d u c t  of  1 mole of h e x a f l u o r o p e n t a n e d i o l ,  1 mole of 
perfluoropenta-1,4-diene, and 2 moles of a c e t o n e .  A s u g g e s t e d  s t r u c t u r e  f o r  
t h i s  m a t e r i a l  i s  shown below.  

0 
4 

HOCH2 (CF2) 3CH2 -O-CF-CHF-CF2-CHF-CF2-CH2-C-CH3 
f iH2-C-CH3 I t  

0 
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T h i s  r e p o r t  per iod  t h e  r e a c t i o n  was r e p e a t e d  i n  THF. Only an extremely low 
y i e l d  o f  a n  o i l  was o b t a i n e d  which  c o n t a i n e d  u n s a t u r a t i o n  a s  w e l l  a s  t h e  
expec ted  hydroxyl g r o u p s .  

3 .  From F l u o r i n a t e d  Alcoho l s  

a .  - P o l y e t h e r s  from C h l o r o p e n t a f l u o r o i s o p r o p y l  Alcoho l  

The p r e p a r a t i o n  o f  p o l y e t h e r s  from chloropentafluoroisopropyl a l c o h o l  
was d e s c r i b e d  i n  Annual Summary Repor t  111. These p o l y e t h e r s  were shown t o  
b e  LOX-compatible when devo id  o f  i n c o m p a t i b l e  s o l v e n t s  s u c h  a s  THF. Dur ing  
t h i s  r e p o r t  p e r i o d ,  hexafluoropentamethylene o x i d e  was shown t o  b e  LOX 
c o m p a t i b l e .  T h e r e f o r e  t h e  p o l y m e r i z a t i o n  o f  chloropentafluoroisopropyl 
a l c o h o l  i n  t h i s  s o l v e n t  was a t t e m p t e d .  The p o l y m e r i z a t i o n  d i d  proceed  b u t  
t h e  y i e l d  was d i s a p p o i n t i n g l y  low. A l a r g e  sample  of h y d r o x y l - t e r m i n a t e d  
p o l y e t h e r  was p r e p a r e d  i n  THF s o l u t i o n ,  t h o r o u g h l y  d r i e d ,  and s t r i p p e d  t o  
remove s o l v e n t ,  and was t h e n  used t o  p r e p a r e  p o l y u r e t h a n e s  f o r  LO2 c o m p a t i b i l i t y  
t e s t i n g  . 

A s  p a r t  of a c o n t i n u i n g  s t u d y  o f  t h i s  s y s t e m ,  a p o l y e t h e r  from 
c h l o r o p e n t a f l u o r o i s o p r o p y l  a l c o h o l ,  hav ing  a molecu la r  we igh t  o f  3860,  was 
c r o s s - l i n k e d  by h e a t i n g  t h e  polymer t o  140°C, t h e  r e s u l t a n t  polymer was 
i n s o l u b l e  i n  a l l  s o l v e n t s .  

P r e v i o u s l y ,  t h e  p o l y e t h e r  from c h l o r o p e n t a f  l u o r o i s o p r o p y l  a l c o h o l ,  
i n i t i a t e d  w i t h  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l ,  was b e l i e v e d  t o  
have t h e  f o l l o w i n g  s t r u c t u r e :  

However, i t  seems u n l i k e l y  t h a t  a c r o s s - l i n k e d  polymer c o u l d  b e  p r e p a r e d  from 
a polymer having t h e  above-mentioned s t r u c t u r e  by e l i m i n a t i o n  o f  w a t e r .  

b .  P o l y e t h e r s  from H e x a f l u o r o i s o p r o p y l  A lcoho l  and T r i f  l u o r o e t h a n o l  

A s  d i s c u s s e d  above ,  polymers b e l i e v e d  t o  b e  p o l y e t h e r s  were p r e p a r e d  
by r e a c t i o n  of chloropentafluoroisopropyl a l c o h o l  w i t h  sodium hydrox ide  and 
w i t h  t h e  sodium s a l t  of h e x a f l u o r o p e n t a n e d i o l .  

Attempts were made t o  p r e p a r e  s i m i l a r  p o l y e t h e r s  from h e x a f l u o r o -  
i s o p r o p y l  a l c o h o l  and from t r i f l u o r o e t h a n o l .  H e x a f l u o r o i s o p r o p y l  a l c o h o l  d i d  
n o t  po lymer ize  when t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  was used a s  t h e  
i n i t i a t i n g  base  i n  THF s o l u t i o n .  It d i d  r e a c t  w i t h  sodium hydrox ide  i n  THF 
s o l u t i o n  t o  y i e l d  a y e l l o w ,  r u b b e r y  polymer having  a m o l e c u l a r  we igh t  of 1600 
(by V P O ) .  It i s  b e l i e v e d  t h a t  t h i s  i s  a r e s u l t  o f  hydroxy l  i o n  b e i n g  more 
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b a s i c  t h a n  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l .  I n  a d d i t i o n ,  i t  was 
found t h a t  t h i s  a l c o h o l  would n o t  po lymer i ze  i n  e t h e r  u s i n g  sodium hydrox ide .  
A p p a r e n t l y  s o l v a t i o n  e f f e c t s  a r e  i m p o r t a n t ,  and he te rogeneous  p o l y m e r i z a t i o n  
d o e s  n o t  occur  r e a d i  l y .  

OH 
I 

CF3-C-CF3 + NaOCH2(CF 

OH 
I 

CF3-CH-CF3 + NaOH 

T r i f l u o r o e t h a n o l  f a i l e d  t o  po lymer i ze  w i t h  e i t h e r  sodium hydroxide  
o r  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  i n  THF s o l u t i o n .  

CF3CH20H + NaOCH2(CF2)3)CH20H 
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4 .  By Reac t ion  of Poly(hexafluoropentamethy1ene c a r b o n a t e )  w i t h  S u l f u r  
T e t r a f l u o r i d e  

S u l f u r  t e t r a f l u o r i d e  has been  used i n  t h e  p a s t  t o  c o n v e r t  c a r b o n y l  groups  
t o  d i f l u o r o m e t h y l e n e  g r o u p s .  It was f e l t  t h a t  d e s i r a b l e  h i g h l y  f l u o r i n a t e d  
p o l y e t h e r s  might b e  p r e p a r a b l e  by r e a c t i o n  o f  poly(hexafluoropentamethy1ene 
c a r b o n a t e )  w i t h  s u l f u r  t e t r a f l u o r i d e .  

I n  o r d e r  t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  of t h e  r e a c t i o n ,  hydroxy l -  
t ermina t ed poly (hexa f l u o r  op en t  amet hy l e n e  c a r b o n a t e )  and s u I f  u r  t e t r a  f l u o r  i d e 
were r e a c t e d  i n  a bomb. The p roduc t  o b t a i n e d  appea red  t o  b e  t h e  d e s i r e d  p o l y -  
e t  h e r .  

H2 (CF2)3CH20-CF2-0 CH2 (CF2)3CH2F f 
L J 

While t h e  e l e m e n t a l  a n a l y s i s  appea red  t o  b e  c o n s i s t e n t  w i t h  t h e  proposed 
s t r u c t u r e ,  t h e  i n f r a r e d  spec t rum i n d i c a t e d  t h e  p r e s e n c e  o f  some u n r e a c t e d  
c a r b o n a t e  l i n k a g e s .  

Al though a hydroxy l - t e rmina ted  p o l y c a r b o n a t e  c a n  b e  used  t o  d e m o n s t r a t e  
t h e  f e a s i b i l i t y  of t h e  r e a c t i o n  w i t h  s u l f u r  t e t r a f l u o r i d e ,  t h e  polymer o b t a i n e d  
p o s s e s s e s  u n r e a c t i v e  f l u o r o m e t h y l e n e  end g r o u p s ,  a s  shown above .  To o b t a i n  
a u s a b l e  hydroxy l - t e rmina ted  p o l y e t h e r ,  t h e  hydroxy l  end g roups  o f  t h e  poly-  
c a r b o n a t e  would have t o  b e  p r o t e c t e d .  

Accord ing ly ,  hydroxy l - t e rmina ted  poly(hexafluoropentamethy1ene c a r b o n a t e )  
was a c e t y l a t e d  and t h e  a c e t y l a t e d  p o l y c a r b o n a t e  r e a c t e d  w i t h  s u l f u r  t e t r a -  
f l u o r i d e  i n  a bomb. The e l e m e n t a l  a n a l y s i s  i n d i c a t e d  t h a t  t h e  p r o d u c t  o b t a i n e d  
was t h e  d e s i r e d  p o l y e t h e r .  The i n f r a r e d  s p e c t r u m  of t h e  p r o d u c t  showed t h a t  
some u n r e a c t e d  c a r b o n a t e  groups  r ema ined .  

HO CH2(CF2)3CH20H + 2(CH3C0)20 f 
L J 

J L 

C H 2 ( ~ ~ 2 ) 3 ~ ~ 2 0 - ~ F 2 ~ ~ 3  
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The molecu la r  w e i g h t s  of t h i s  p r o d u c t ,  was c o n s i d e r a b l y  lower t l ian t h e  
s t a r t i n g  p o l y c a r b o n a t e  a s  was t h e  product  from t h e  n o n a c e t y l a t e d  po lyca rbo-  
n a t e  d e s c r i b e d  above .  Some c l e a v a g e  must have o c c u r r e d ,  e i t h e r  d u r i n g  t h e  
r e a c t i o n  w i t h  s u l f u r  t e t r a f l u o r i d e  or by h y d r o l y s i s  d u r i n g  workup. 

An a t t e m p t  t o  h y d r o l y z e  t h e  end groups  by r e f l u x i n g  i n  h y d r o c h l o r i c  a c i d  
f a i l e d  t o  a f f e c t  t h e  p o l y e t h e r .  R e f l u x i n g  t h e  p o l y e t h e r  w i t h  33% aqueous 
p o t a s s i u m  hydrox ide  i n  THF, however ,  d i d  b r i n g  abou t  h y d r o l y s i s .  The molecu-  
l a r  we igh t  (by  VPO) and t h e  hydroxyl  e q u i v a l e n c y  of  t h e  h y d r o l y s i s  p roduc t  
were a p p r o x i m a t e l y  e q u a l ,  i n d i c a t i n g  t h a t  o n l y  one end of  t h e  p roduc t  was 
hydroxy l  t e r m i n a t e d .  The i n f r a r e d  spec t rum showed t h a t  a l l  o f  t h e  c a r b o n a t e  
g roups  were gone.  Based on t h i s  e v i d e n c e ,  i t  a p p e a r s  t h a t  t h e  a , ~ ~ ' - d i f l u o r o -  
e t h o x y  groups  a r e  n o t  hydro lyzed  under t h e  c o n d i t i o n s  u s e d ,  and t h a t  o n l y  
t h e  c a r b o n a t e  groups  r ema in ing  a f t e r  t h e  s u l f u r  t e t r a f l u o r i d e  r e a c t i o n ,  a r e  
hydro lyzed  by b a s e .  

NaOH/ H20 THF 

b d  

CH3CF2-0 H2(CF 2 3 2  ) C H  0-CF2- H2 (CF2)3CH20H + HOCH2 (CF2)3CH2-O-CF2CH3 

More v i g o r o u s  h y d r o l y s i s  c o n d i t i o n s  a r e  a p p a r e n t l y  needed t o  h y d r o l y z e  t h e  
a , a ' - d i f l u o r o e t h o x y  end g r o u p s .  

T h i s  se r ies  of  r e a c t i o n s  , by which a hydroxy l - t e rmina ted  p o l y c a r b o n a t e  
i s  c o n v e r t e d  t o  a p o l y e t h e r ,  r e s u l t s  i n  c o n s i d e r a b l e  r e d u c t i o n  i n  m o l e c u l a r  
w e i g h t .  I n  t h e  s e r i e s  o f  r e a c t i o n s  d i s c u s s e d  h e r e ,  a hydroxy l - t e rmina ted  
p o l y c a r b o n a t e  of 1540 m o l e c u l a r  weight  was c o n v e r t e d  t o  a p o l y e t h e r  o f  625 
m o l e c u l a r  w e i g h t .  T h i s  625 molecu la r  w e i g h t  p o l y e t h e r  i s  most l i k e l y  an  
a p p r o x i m a t e l y  3 t o  1 m i x t u r e  of t h e  t e t r a a l k y l e n e  t r i e t h e r  (where X i n  t h e  
formula  = 1) and t h e  h e x a a l k y l e n e  p e n t a e t h e r  (where X = 2 ) .  

(x = 1) CH3CF20-CH2(CF2)3CH2-O-CF2-O-CH2(CF 2 3  ) CH 2 OH 

(X = 2) CH3CF20-CH2 (CF2)3CH20-CF2-O-CH2 (CF2)3CH20-CF2-O-CH2 (CF2) 3CH20H 

It is  obv ious  t h a t  i n  o r d e r  t o  o b t a i n  p o l y e t h e r s  of r e a s o n a b l e  m o l e c u l a r  
we igh t  , h i g h e r  m o l e c u l a r  we igh t  s t a r t i n g  p o l y c a r b o n a t e s  w i l l  have t o  b e  
emp l o y  ed . 
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5 .  By Reac t ion  of Poly(hexafluoropentamethy1ene p e r f l u o r o g l u t a r a t e )  w i t h  
S u l f u r  T e t r a f l u o r i d e  

I n  a d d i t i o n  t o  p o l y c a r b o n a t e s ,  p o l y e s t e r s  might b e  c o n v e r t e d  by r e a c t i o n  
w i t h  s u l f u r  t e t r a f l u o r i d e  t o  f l u o r i n a t e d  p o l y e t h e r s .  Dur ing  t h e  r e p o r t  
p e r i o d ,  p o l y (  hexaf luoropentamet  h y l e n e  p e r f  l u o r  o g l u t  a r a  t e )  was a l s o  r e a c t  ed 
w i t h  s u l f u r  t e t r a f l u o r i d e  i n  an  e f f o r t  t o  p r e p a r e  a f l u o r i n a t e d  p o l y e t h e r .  

The p roduc t  o b t a i n e d  was e s s e n t i a l l y  u n r e a c t e d  p o l y e s t e r ,  a s  i n d i c a t e d  by 
i t s  i n f r a r e d  spec t rum and e l e m e n t a l  a n a l y s i s .  The m o l e c u l a r  weight  of t h e  
p roduc t  was c o n s i d e r a b l y  lower t h a n  t h a t  o f  t h e  s t a r t i n g  p o l y e s t e r .  

The hydroxyl  end groups  must b e  p r o t e c t e d  i n  o r d e r  t o  o b t a i n  p o l y e t h e r s  
w i t h  r e a c t i v e  end g r o u p s .  At tempts  t o  a c e t y l a t e  h y d r o x y l - t e r m i n a t e d  po ly -  
(hexa f  l u o r  opent amet hy lene  p e r f  l u o r o g l u t  a r a  t e )  w i t h  a c e t y l  c h l o r i d e  , a c e  t y 1 
c h l o r i d e  i n  p y r i d i n e ,  and w i t h  a c e t i c  a n h y d r i d e  were u n s u c c e s s f u l .  With 
t h e  l a s t  two r e a g e n t s ,  d e g r a d a t i o n  o f  t h e  p o l y e s t e r  r e s u l t e d .  

D .  Monomers 

1. D i l i t h i u m  S a l t  of H e x a f l u o r o p e n t a n e d i o l  

As d i s c u s s e d  i n  t h e  p o l y e t h e r  s e c t i o n  of t h i s  r e p o r t ,  i t  was d e s i r a b l e  
t o  p r e p a r e  the  d i l i t h i u m  s a l t  of h e x a f l u o r o p e n t a n e d i o l  f o r  u s e  i n  t h e  p r e p a r a -  
t i o n  o f  p o l y e t h e r s  of hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l ,  I n i t i a l  
a t t e m p t s  t o  p r e p a r e  t h i s  d i l i t h i u m  s a l t  by r e a c t i o n  of t h e  d i o l  w i t h  n - b u t y l  
l i t h i u m  and methyl l i t h i u m  ( p r e p a r e d  from n - b u t y l  bromide  and me thy l  bromide 
r e s p e c t i v e l y )  y i e l d e d  impure p r o d u c t s .  Inasmuch a s  l i t h i u m  b romide ,  formed 
i n  t h e  m e t a l a t i o n  r e a c t i o n ,  forms e t h e r  s o l u b l e  complexes w i t h  n - b u t y l  l i t h i u m  
and me thy l  l i t h i u m ,  i t  was p r e s e n t  d u r i n g  t h e  f o r m a t i o n  o f  t h e  l i t h i u m  s a l t s  
of h e x a f l u o r o p e n t a n e d i o l .  T h e r e f o r e ,  l i t h i u m  bromide  was p r e s e n t  i n  t h e  
p r o d u c t s ,  p robab ly  complexed w i t h  s a l t s  o f  hexaf l u o r o p e n t a n e d i o l .  

U n l i k e  l i t h i u m  bromide ,  l i t h i u m  c h l o r i d e  does  n o t  form complexes w i t h  
a l k y l  l i t h i u m  compounds. T h e r e f o r e ,  m e t h y l  c h l o r i d e  was used  t o  p r e p a r e  me thy l  
l i t h i u m .  This  p u r e  me thy l  l i t h i u m  was r e a c t e d  w i t h  h e x a f l u o r o p e n t a n e d i o l  t o  
y i e l d  p u r e  d i l i t h i u m  s a l t  o f  h e x a f l u o r o p e n t a n e d i o l .  

2 .  H e x a f l u o r o i s o p r o p y l  Alcohol  

Hexaf l u o r o i s o p r o p y l  a l c o h o l  was p r e p a r e d  by r e d u c t  i o n  o f  hexaf l u o r o -  
a c e t o n e  w i t h  sodium b o r o h y d r i d e  f o l l o w i n g  t h e  p r o c e d u r e  o f  Knunyants (Refe r -  
ence  2 ) .  
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I1 

CF3-C-CF + NaBH4 -- 3 

3. Hexaf luo roven tame thv lene  Oxide  

A s  d i s c u s s e d  i n  Annual Summary Report  111, problems i n  t h e  p r e p a r a t i o n  
o f  LOX-compa t i b  l e  p o l y e t h e r s  from ch lo ropen  t a  f l u o r o i s  opropy 1 a l c o h o l  were 
e n c o u n t e r e d  because  o f  t h e  d i f f i c u l t y  i n  removing t h e  THF s o l v e n t  from t h e  
p r o d u c t .  P e r f l u o r o t r i b u t y l a m i n e ,  which i s  LOX c o m p a t i b l e ,  was used a s  t h e  
s o l v e n t  f o r  t h e  p o l y m e r i z a t i o n ,  b u t  t h e  y i e l d  was q u i t e  low. 

I n  an e f f o r t  t o  f i n d  a b e t t e r  s o l v e n t  f o r  t h i s  p o l y m e r i z a t i o n ,  a l a r g e  
q u a n t i t y  of hexafluoropentamethylene e t h e r  was p r e p a r e d .  The p r e p a r a t i o n  of 
t h i s  c y c l i c  e t h e r  was d e s c r i b e d  i n  Annual Summary Repor t  I .  A sample was 
s u b m i t t e d  t h i s  q u a r t e r  f o r  LOX impact t e s t i n g  and t h e  r e s u l t s  (no r e a c t i o n s  
i n  20 t e s t s  a t  10 Kg-meter) i n d i c a t e d  t h a t  t h i s  e t h e r  i s  LOX c o m p a t i b l e .  
p o l y m e r i z a t i o n s  of c h l o r o p e n t a f l u o r o i s o p r o p y l  a l c o h o l  were r u n  i n  t h i s  s o l -  
v e n t .  

4 .  P r e p a r a t i o n  and R e a c t i o n s  of Hexafluoropentamethylene B i s ( t r i f 1 u o r o -  
methane  s u l f o n a t e )  

A t t empt s  were made d u r i n g  t h i s  program t o  p r e p a r e  t h e  d i e t h e r ,  t r i e t h e r ,  
and p o l y e t h e r s  o f  h e x a f l u o r o p e n t a n e d i o l  by d i s p l a c e m e n t  o f  groups  s u c h  a s  
t o s y l a t e  and i o d i d e  by t h e  h e x a f l u o r o p e n t a n e d i o l  a n i o n .  

(X = I, C H 3 @ S O 2 O 4  H O C H ~  ( C F ~ ) ~ C H ~ O - C H ~  ( c F ~ ) ~ c H ~ - o - c H ~  ( c F ~ )  3 ~ ~ 2 ~ ~  

Dur ing  t h i s  r e p o r t  p e r i o d ,  t h e  b i s ( t r i f 1 u o r o m e t h a n e  s u l f o n a t e )  of h e x a f l u o r o -  
p e n t a n e d i o l  was p r e p a r e d  and r e a c t e d  w i t h  b o t h  t h e  sodium s a l t  o f  h e x a f l u o r o -  
p e n t a n e d i o l  and h e x a f l u o r o p e n t a n e d i o l  i n  an a t t e m p t  t o  p r e p a r e  t r i h e x a f l u o r o -  
p e n t y l e n e  g l y c o l .  

0 0 
II I1 

I I  
0 

I 
0 

CF3-S-OCH2 (CF 2 3  ) CH 0-S-CF3 + 2 X-OCH2 (CF2)3CH20H 

(x = H o r  Na) 
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T h e  t r i f l u o r o m e t h a n e  s u l f o n a t e  group i s  r e p o r t e d  ( R e f e r e n c e  2 )  t o  be s u c h  an 
e x c e l l e n t  l e a v i n g  group t h a t  i t s  d i s p l a c e m e n t  by n u c l e o p h i l e s  i s  e x t r e m e l y  
easy  and r a p i d .  T r i f l u o r o m e t h a n e  s u l f o n a t e  e s t e r s  o f  f l u o r i n a t e d  monoalcohols  
r e p o r t e d l y  (Refe rence  3) undergo  even a l c o h o l y s i s  q u i t e  r e a d i l y ,  The b i s ( t r i -  
f l uo romethane  s u l f o n a t e )  of hexaf  l u o r o p e n t a n e d i o l  , however , a p p e a r s  t o  b e  
ex t r eme ly  r e s i s t a n t  t o  n u c l e o p h i l l i c  d i s p l a c e m e n t .  No r e a c t i o n  o c c u r s  w i t h  
h e x a f l u o r o p e n t a n e d i o l ,  a s  t h e  s t a r t i n g  m a t e r i e l s  r e c o v e r e d  were unchanged. 
There  was , however, c o n s i d e r a b l e  breakdown of t h e  s o l v e n t  ( t r i g l y m e )  . When 
DMF was used  a s  a s o l v e n t  a t  80°C, no  r e a c t i o n  o c c u r r e d .  The o n l y  p r o d u c t s  
o b t a i n e d  from t h e  r e a c t i o n  o f  t h e  d i s u l f o n a t e  w i t h  t h e  sodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l ,  a f t e r  h y d r o l y s i s  , were h e x a f l u o r o p e n t a n e d i o l  and , 
i n t e r e s t i n g l y ,  hexafluoropentamethylene o x i d e .  

P r e v i o u s  e f f o r t s  have a l s o  been  made t o  p r e p a r e  3 , 3 , 4 , 4 , 5 , 5 - h e x a f l u o r o -  
p i m e l o n i t r i l e  by d i s p l a c e m e n t  o f  t o s y l a t e  and i o d i d e  groups  by c y a n i d e  i o n .  

XCH2(CF2)3CH2X + NaCN NCCH2 (CF2)3CH2CN 

(X = I ,  C H 3 e 0 2 0 j  

An a t t e m p t  was made t o  p r e p a r e  t h i s  d i n i t r i l e  by r e a c t i o n  of p o t a s s i u m  c y a n i d e  
and sodium cyan ide  w i t h  hexafluoropentamethylene b i s ( t r i f 1 u o r o m e t h a n e  s u l f o -  
n a t e )  i n  DMF s o l u t i o n .  None o f  t h e  d e s i r e d  d i n i t r i l e  was o b t a i n e d .  

0 0 

NCC H2 ( CF2 ) 3C H2CN 
II II 

CF3-s-OCH2(CF2)3CH20-j-CF3 + 2 KCN 
1 (2NaCN) 0 0 

5 .  Improved P r e p a r a t i o n  and P u r i f i c a t i o n  o f  P e r f l u o r o p r o p y l e n e  Oxide  

A r e c e n t  p a t e n t  ( R e f e r e n c e  1) d e s c r i b e s  t h e  p r e p a r a t i o n  o f  an  a c i d  
f l u o r  i d  e t e r m i n a t e d  p o l y e t  h e r  p r e p a r e d  by r e a c t  i o n  o f  p e r f  l u o r  opr opy lene  
o x i d e  w i t h  p e r f l u o r o g l u t a r y l  f l u o r i d e  and c e s i u m  f l u o r i d e .  

/ O \  
0 0 
li U 

CF3-CF - CF2 + FC(CF2)3CF + CSF ,-+ 
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The p r e p a r a t i o n  o f  p e r f l u o r o p r o p y l e n e  o x i d e  was d e s c r i b e d  i n  Annual 
Summary Repor t  111. The p r o c e d u r e  used i n v o l v e d  t h e  a d d i t i o n  of p e r f l u o r o -  
p r o p y l e n e  i n  t h e  gas  phase  t o  an  aqueous a l c o h o l i c  s o l u t i o n  of hydrogen 
p e r o x i d e  and po ta s s ium hydrox ide .  During t h i s  r e p o r t  p e r i o d ,  c o n s i d e r a b l e  
work was c a r r i e d  ou t  on t h e  improvement of t h e  y i e l d  of epox ide  and i t s  p u r i f i -  
c a t i o n .  The c u r r e n t  p r e p a r a t i v e  p rocedure  i n v o l v e s  add ing  t h e  p e r f l u o r o -  
p r o p y l e n e  a s  a l i q u i d  and s t i r r i n g  t h e  r e a c t i o n  m i x t u r e  f o r  a l o n g e r  p e r i o d  
of t i m e .  C o n s i d e r a b l e  improvement i n  y i e l d  of epox ide  has  been  a c h i e v e d .  

The c r u d e  p roduc t  , which  c o n s i s t e d  o f  a m i x t u r e  o f  p e r f l u o r o p r o p y l e n e  
o x i d e  and u n r e a c t e d  p e r f l u o r o p r o p y l e n e ,  was o r i g i n a l l y  p u r i f i e d  by p a s s i n g  
t h e  g a s  m i x t u r e  th rough  a s o l u t i o n  of i o d i n e  monobromide i n  a c e t i c  a c i d .  
T h i s  t r e a t m e n t  , a s  d e s c r i b e d  i n  Annual Summary Repor t  111, o n l y  removed some 
o f  t h e  o l e f i n .  Dur ing  t h i s  r e p o r t  p e r i o d ,  a d d i t i o n  p u r i f i c a t i o n  methods were 
i n v e s t i g a t e d  based  on t h e  a d d i t i o n  of bromine  t o  t h e  o l e f i n .  A f t e r  t r e a t m e n t  
o f  t h e  m i x t u r e  w i t h  b romine  i n  a s t a i n l e s s  s t e e l  gas  c y l i n d e r  a t  room tempera- 
t u r e  f o r  a n  ex tended  p e r i o d  o f  t i m e ,  a c o n s i d e r a b l e  amount o f  o l e f i n  s t i l l  
r ema ined .  Bubbl ing  t h e  p roduc t  mixture t h r o u g h  a s o l u t i o n  o f  bromine  i n  
c a r b o n  t e t r a c h l o r i d e  a t  room t e m p e r a t u r e  r e s u l t e d  i n  removal of a l a r g e  amount 
o f  o l e f i n ,  b u t  a c o n s i d e r a b l e  amount s t i l l  r ema ined .  I n  a s i m i l a r  p u r i f i c a -  
t i o n  method,  t h e  p roduc t  m i x t u r e  was r e f l u x e d  i n  a s o l u t i o n  o f  bromine  i n  
c a r b o n  t e t r a c h l o r i d e .  T h i s  method was e f f e c t i v e  i n  removing a l l  t h e  o l e f i n .  

A c o n s i d e r a b l e  amount o f  p e r f l u o r o p r o p y l e n e  o x i d e  was p r e p a r e d  and p u r i -  
f i e d  d u r i n g  t h i s  r e p o r t  p e r i o d .  

6 .  D i f l u o r o g l u t a r i c  Acid 

Because  p e r f l u o r i n a t e d  d i a c i d s  r e s u l t  i n  f l u o r i n a t e d  p o l y e s t e r s  which 
a r e  LOX c o m p a t i b l e  bu t  h y d r o l y t i c a l l y  u n s t a b l e ,  i t  was b e l i e v e d  t h a t  f l u o r i n a t e d  
d i a c i d s  which have  n o  f l u o r i n e  atoms a d j a c e n t  t o  t h e  a c i d  c a r b o n y l  might p ro -  
v i d e  more s t a b l e  f l u o r i n a t e d  p o l y e s t e r s  which  a r e  s t i l l  LOX c o m p a t i b l e .  

Dur ing  t h i s  r e p o r t  p e r i o d ,  work was s t a r t e d  on t h e  s y n t h e s i s  o f  a d i a c i d  
o f  t h i s  t y p e ,  d i f l u o r o g l u t a r i c  a c i d .  

D ime thy lace tone  d i c a r b o x y l a t e  w a s  r e a c t e d  w i t h  s u l f u r  t e t r a f l u o r i d e  i n  
a n  a t t e m p t  t o  p r e p a r e  t h e  d i m e t h y l  e s t e r  o f  d i f l u o r o g l u t a r i c  a c i d .  A l i q u i d  
p r o d u c t  was o b t a i n e d  which was shown t o  b e  a m i x t u r e  o f  p r o d u c t s  by vapor  
phase  chromatography (VPC)  and e l e m e n t a l  a n a l y s i s .  The s t a r t i n g  d i e s t e r  was 
a l s o  shown by VPC t o  b e  a m i x t u r e .  

0 0 0 0 0 
II I1 \I  It c H30 -c -c H 2 c  F2c H2 - Eoc H3 CH30-C -CH2-C-CH2-C -OCH3 + SF4 
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7 .  1,6-Diiodo-3,3,4,4-Tetrafluorohexane 

Another  d i a c i d  which might y i e l d  LOX c o m p a t i b l e  p o l y e s t e r s  i s  t e t r a -  
f l u o r o a d i p i c  a c i d .  Work was s t a r t e d  on t h e  s y n t h e s i s  o f  t h i s  d i a c i d ,  

The a t t empted  r e a c t  i o n  o f  1 , 2 - d i i o d o t  e t r a  f l u o r o e t  hane  w i t h  e t h y l e n e  i n  
t h e  p r e s e n c e  of benzoy l  p e r o x i d e ,  c a r r i e d  o u t  f o u r  times i n  a s t a i n l e s s  s t e e l  
c y l i n d e r ,  was u n s u c c e s s f u l .  

I C H 2 C  H2CF2CF2C H2C H2 I BZP 
I C F 2 C F 2 1  + 2CH2=CH2 

H y d r o l y s i s  and o x i d a t i o n  of t h e  d e s i r e d  d i i o d o h e x a n e  would y i e l d  t e t r a f l u o r o -  
a d i p i c  a c i d .  

h y d r o l .  o x i d ,  
ICH2CH2CF2CF2CH2CH21 HOOCC H2CF2CF2CH2COOH 

8 .  R e a c t i o n s  o f  V i t o n  LM 

V i n y l i d i n e  fluoride-perfluoropropylene copolymers  ( V i t o n )  c a n  b e  c r o s s -  
l i n k e d  by a l i p h a t i c  d i a m i n e s .  Because t h e  V i t o n s  a r e  n o t  s e n s i t i v e  t o  L O X ,  
an e f f o r t  was made t h i s  r e p o r t  p e r i o d  t o  r e a c t  a low m o l e c u l a r  we igh t  V i t o n  
(LM) w i t h  t h e  monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  i n  o r d e r  t o  o b t a i n  
r e a c t i v e  hydroxyl  g r o u p s .  However, t h e r e  was no r e a c t i o n .  

00 
+ Na OCH2 (CF2)3CH20H 

CH2 (CF2)3CH20H 

V i t o n  LM was a l s o  r e a c t e d  w i t h  hexafluoropentanediamine t o  see i f  t h i s  
ex t r eme ly  weak b a s e  would r e a c t .  The re  was no  a p p a r e n t  r e a c t i o n .  

9. 1,4-Bis (5- hydroxyhexa f l u o r o p e n t  oxy) - t e t r a  f l uo robenz  ene 

E a r l i e r  i n  t h i s  r e p o r t  t h e  p r e p a r a t i o n  of a p o l y e t h e r  p r e p a r e d  from hexa- 
f l u o r o b e n z e n e  and h e x a f l u o r o p e n t a n e d i o l  was d e s c r i b e d .  T h i s  s t r u c t u r e  of 
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t h i s  p o l y e t h e r  c o n s i s t e d  of a l t e r n a t i n g  hexa f luo robenzene  and h e x a f l u o r o -  
p e n t a n e d i o l  u n i t s .  

r 1 

Another  p o l y e t h e r  based  on t h e s e  s t a r t i n g  m a t e r i a l s  which shou ld  b e  more 
f l e x i b l e  t h a n  t h e  above  one would r e s u l t  from d e h y d r a t i o n  o f  1 , 4 - b i s ( 5 -  
hydroxy-hexaf1uoropentoxy)-tetrafluorobenzene. 

- H 2 0  
HOCH2 (CF2)3CH20  CH2 (CF2)3CH20H ~-+ 

r 1 

CH2 (CF2)3CH2-O-CH2 ( C F 2 )  3CH2-0 

An a t t e m p t  was made t o  p r e p a r e  t h i s  d i e t h e r  s t a r t i n g  m a t e r i a l  by r e a c t i n g  
h e x a f l u o r o b e n z e n e ,  h e x a f l u o r o p e n t a n e d i o l  and p o t a s s i u m  hydrox ide  i n  t h e  r a t i o  
of 1:2:2 a t  room t e m p e r a t u r e  f o r  1 hour .  A s m a l l  amount o f  t h e  d e s i r e d  d i -  
e t h e r  wtls  i s o l a t e d ,  b u t  t h e  ma jo r  product  was p o l y e t h e r  o f  1040 m o l e c u l a r  
w e i g h t .  

An a l t e r n a t e  approach  t o  t h e  p r e p a r a t i o n  o f  t h i s  d i e t h e r  i n v o l v e s  a 
r e a c t i o n  sequence  used  s u c c e s s f u l l y  t o  p r e p a r e  t h e  c o m p l e t e l y  hydroxyl -  
t e r m i n a t e d  p o l y e t h e r  o f  hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l .  The 
monoether  of hexa f luo robenzene  and h e x a f l u o r o p e n t a n e d i o l  c o u l d  b e  capped w i t h  
d i h y d r o p y r a n  and r e a c t e d  w i t h  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l .  
H y d r o l y s i s  of t h e  p r o t e c t i n g  t e t r a h y d r o p y r a n y l  g roups  shou ld  y i e l d  t h e  d e s i r e d  
p r o d u c t  . 

OCH2 CH2 (CF2)3CH20H 

HOCH2 ( C F 2 I 3 C H 2 0  @ OCH2 (CF2)3CH20H U 
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The monoether,  5-hydroxyhexafluoropentoxy-pentafluorobenzene, was p r e -  
pared  e a r l y  i n  t h i s  program ( r e p o r t e d  i n  Annual Summary R e p o r t  I )  i n  v e r y  low 
y i e l d  by r e a c t i o n  o f  h e x a f l u o r o b e n z e n e ,  h e x a f l u o r o p e n t a n e d i o l  and p o t a s s i u m  
h y d r o x i d e  wi thout  s o l v e n t ,  and by r e a c t i o n  of  h e x a f l u o r o b e n z e n e  w i t h  t h e  mono- 
sodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  i n  d i - n - b u t y l  e t h e r .  Dur ing  t h i s  r e p o r t  
p e r i o d ,  hexaf luorobenzene ,  h e x a f l u o r o p e n t a n e d i o l  and p o t a s s i u m  h y d r o x i d e  i n  
t h e  r a t i o  o f  3:2:4 were r e a c t e d  a t  16"-18"C i n  DMF f o r  1-314 h o u r s .  The 
d e s i r e d  monoether was o b t a i n e d  i n  38% y i e l d  a l o n g  w i t h  h i g h e r  m o l e c u l a r  
weight  p o l y e t h e r .  

The hydroxyl  groups  of t h i s  monoether  were s u c c e s s f u l l y  capped by 
r e a c t  i o n  w i t h  d i h y d r o p y r a n .  

10 .  Monosodium S a l t  o f  2-Trif1uoromethy1-3-oxa-2,4,4,5,5,6,6~7,7-nonaf1uoro- 
1 , 8-octaned i o 1  

Two a t t e m p t s  were made t o  p r e p a r e  t h e  monosodium s a l t  o f  2 - t r i f l u o r o -  
methyl-3-oxa-2,4,4,5,5,6,6,7,7-nonafluoro-l ,8-octanediol  by  r e a c t i o n  of t h i s  
d i o l  w i t h  sodium i n  p-dioxane and i n  e t h e r .  No r e a c t i o n  o c c u r r e d  i n  t h e  p- 
d i o x a n e ,  b u t  a v e r y  s m a l l  amount of  t h e  d e s i r e d  s a l t  was i s o l a t e d  from t h e  
r e a c t i o n  i n  e t h e r .  T h i s  s a l t  c o u l d  b e  u s e d  t o  p r e p a r e  p o l y e t h e r s  by r e a c t i o n  
w i t h  hexaf luorobenzene .  



I V .  EXPERIMENTAL 

A .  LOX C o m p a t i b i l i t y  R e s u l t s  

The r e s u l t s  of  a l l  LOX-compat ib i l i ty  t e s t s  comple ted  d u r i n g  t h i s  r e p o r t  
p e r i o d  a r e  p r e s e n t e d  i n  T a b l e  I .  

B .  Po lyu re thanes  

1. From P e r f l u o r o p r o p y l e n e  Oxide 

a .  P o l y u r e t h a n e  o f  Te t r a f luo ro -m-pheny lene  D i i s o c y a n a t e  and t h e  
Po l y e  t h e r  from P e r  f l u o r  op r  opylene  Ox i d  e 

( 1 )  P r e p a r a t i o n  

OCNWNC0 + 
HOCH2-CF y3& -CF2-CF "% 0- (CF2)5-0 p F 3  F-CF2-0 y3 CF-CH20H 

( a )  With Low M o l e c u l a r  Weight P o l y e t h e r  

Te t ra f luoro-m-phenylene  d i i s o c y a n a t e  (3 .48  g ,  0.015 mole)  
and t h e  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  o f  760  m o l e c u l a r  we igh t  
(7 .06  g ,  0.01 mole)  were g r a d u a l l y  hea ted  t o  60°C o v e r  a 20-minute  p e r i o d ,  
fo l lowed  by  15 minu tes  a t  60"-65°C. The r e a c t i o n  m i x t u r e  was h e a t e d  t o  145°C 
ove r  a 10-minute  p e r i o d ,  t h e n  tetrafluoro-p-phenylenediamine (0 .36  g ,  
0.002 mole)  was added.  The mass g e l l e d  i n  1 m i n u t e .  It  was advanced i n  a 
p r e s s  a t  160°C f o r  1 / 2  hour  t o  y i e l d  a c l e a r  y e l l o w  s o l i d  s h e e t  t h a t  was 
b r i t t  l e .  

( b )  Wi th  Higher  Molecular  Weight P o l y e t h e r  

Te t ra f luoro-m-phenylene  d i i s o c y a n a t e  (1 .72  g ,  0.0074 mole) 
and t h e  p o l y e t h e r  f rom p e r f l u o r o p r o p y l e n e  o x i d e  o f  1510 m o l e c u l a r  we igh t  
(10.6 g ,  0.007 mole) were s t i r r e d  a t  25"-30°C f o r  4 0  m i n u t e s ,  t h e n  g r a d u a l l y  
h e a t e d  t o  150°C over  a 3-1 /4  hour p e r i o d .  A d d i t i o n a l  t e t r a f l u o r o - m - p h e n y l e n e  
d i i s o c y a n a t e  (0 .32  g ,  0 .0014 mole)  was added a t  150°C. The m i x t u r e  g e l l e d  
immedia t e ly .  The p roduc t  was advanced a t  160°C i n  a p r e s s  f o r  314 hour  t o  
y i e l d  a s o f t  e l a s t i c  s h e e t .  
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( c )  With Higher Molecular  Weight P o l y e t h e r ;  Amine Cured 

Tet ra f luorc-m-phenylene  d i i s o c y a n a t e  (1.40 g ,  0.006 mole) 
and 1510 m o l e c u l a r  weight  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  (7.5 g ,  
0.005 mole) were s t i r r e d  a t  80°C f o r  112 h o u r .  The m i x t u r e  was t h e n  hea ted  
t o  148°C and tetrafluoro-m-phenylenediamine ( 0 . 6 5  g ,  0,00036 m o l e )  added .  
A f t e r  s t i r r i n g  f o r  about  30 s e c o n d s ,  t h e  m i x t u r e  g e l l e d .  The p r o d u c t  was 
advanced i n  a p r e s s  under  20,000-lb p r e s s u r e  a t  275°F f o r  2 h o u r s  t o  y i e l d  a 
f a i r l y  t o u g h  but  somewhat b r i t t l e  s h e e t .  Disks  (11/16  i n . )  were punched from 
t h i s  s h e e t  and s u b m i t t e d  t o  MSFC f o r  LOX-compatibi l i ty  t e s t i n g .  

(2)  Lap Shear  T e s t  Specimens - High-Temperature Cure  

The h y d r o x y l - t e r m i n a t  ed p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  
o f  1510 m o l e c u l a r  weight  (7 .5  g ,  0.005 mole) and t e t r a f l u o r o - m - p h e n y l e n e  
d i i s o c y a n a t e  (1.73 g ,  0.0075 mole)  were mixed.  S tannous  o c t o a t e  (2  d r o p s )  
was added;  t h e r e  was a s l o w  exotherm t o  35°C. A few g l a s s  beads  (0.005 i n .  
d i a m e t e r )  were s t i r r e d  i n  and t h e  polymer a p p l i e d  t o  e t c h e d  ( s u l f u r i c  a c i d /  
sodium d i c h r o m a t e  s o l u t i o n )  2024-T3 c l a d  aluminum a d h e r e n d s .  The j i g g e d  
specimens were put  i n  a p r e s s  a t  room t e m p e r a t u r e  and 200 p s i  f o r  45 m i n u t e s ,  
t h e n  h e a t e d  f o r  45 minutes  a t  160"F,  45  m i n u t e s  a t  220"F, t h e n  45 m i n u t e s  a t  
325°F. S i x  of  t h e s e  bonded specimens were t e s t e d  immedia te ly  a f t e r  p r e p a r a -  
t i o n  ( t h r e e  bonds e a c h  a t  room t e m p e r a t u r e  and a t  -320°F) .  The r e s u l t s  a r e  
shown b e  low. 

Room -320°F 
Temperature  (Liquid  N i t r o g e n )  

Lap  Shear  S t r e n g t h ,  p s i  1325 2450 
485 3550 

1115 40205; 

Avg Lap Shear  S t r e n g t h ,  p s i  97 5 3340 

Another  s i x  of  t h e  bonded specimens were s t o r e d  i n  a humidi ty  
chamber a t  100% humidi ty  f o r  f o u r  weeks b e f o r e  t e s t i n g .  The r e s u l t s  of t h e s e  
t es t s  a r e  shown below.  

Room -320°F 
Temper a t  u r  e (Liquid  N i t r o g e n )  

Lap S h e a r  S t r e n g t h ,  p s i  7 05 3750 
590 2690 
608 2330 

Avg Lap S h e a r  S t r e n g t h ,  p s i  634 2920 

-?; Aluminum f a i l e d  a t  t h e  g r i p  h o l e .  
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( 3 )  Lap Shea r  T e s t  Specimens - Low-Temperature Cure  

The hydroxy 1- t ermina t ed p o l y e t  h er from p e r f  l u o r  opropy l e n e  ox i d  e 
of 1510 molecu la r  we igh t  ( 2 . 4 4  g ,  0.0016 mole) and t e t r a f l u o r o - m - p h e n y l e n e  d i -  
i s o c y a n a t e  (0.75 g ,  0.0032 mole) were hea ted  t o  65'C w i t h  m i x i n g ,  t h e n  c o o l e d  
t o  room t e m p e r a t u r e .  S t annous  o c t o a t e  (2  d r o p s )  was added and t h e  m i x t u r e  
s t i r r e d  f o r  5 minu tes  a t  which time t h e  v i s c o s i t y  o f  t h e  polymer i n c r e a s e d  
c o n s i d e r a b l y .  The m a t e r i a l  was a p p l i e d  t o  e t c h e d  ( s u l f u r i c  a c i d / s o d i u m  . 
d i c h r o m a t e  s o l u t i o n )  2024-T3 c l a d  aluminum adhe rends  , a few g l a s s  beads  
(0 .005- in .  d i a m e t e r )  s p r i n k l e d  on t h e  bonds ,  and a l lowed  t o  g e l  o v e r n i g h t  a t  
room t e m p e r a t u r e  i n  a vacuum b a g .  The spec imens  were removed from t h e  bag 
and cu red  a t  160°F f o r  48 h o u r s .  The t e s t  r e s u l t s  ( t h r e e  t es t s  e a c h  a t  room 
t e m p e r a t u r e  and a t  -320°F) a r e  shown be low.  

Room -320°F 
Tempera ture  ( L i q u i d  N i t r o g e n )  

Lap Shear  S t r e n g t h ,  p s i  1060 3920 
1430 4120 
1670 3 190 

Avg Lap Shear S t r e n g t h ,  p s i  1386 3740 

b .  P o l y u r e t h a n e  o f  T e t r a f l u o r o - p - p h e n y l e n e  D i i s o c y a n a t e  and t h e  
Po lye t  h e r  f rom P e r f l u o r o p r o p y l e n e  Oxide  

-b- 

L I 

(1) With Low M o l e c u l a r  Weight P o l y e t h e r  

T e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  (3 .02  g ,  0.013 mole) and 
t h e  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  of 760  m o l e c u l a r  weight  ( 9 . 8 8  g, 
0.013 mole) were hea ted  a t  25°C t o  80°C ove r  a 15-minute p e r i o d ,  fo l lowed  by 
a g r a d u a l  r i s e  i n  t e m p e r a t u r e  from 80°C t o  120°C ove r  a 20-minute p e r i o d .  It 
was t h e n  mixed a t  115"-125°C f o r  2 h o u r s .  A d d i t i o n a l  t e t r a f l u o r o - p - p h e n y l e n e  
d i i s o c y a n a t e  (0.30 g ,  0.0013 mole) was added .  A f t e r  t h e  m i x t u r e  had been 
s t i r r e d  f o r  15 minu tes  a t  125"-180°C, t h e  polymer became a p a s t e .  The polymer 
was advanced i n  a press a t  160°C f o r  1 hour t o  y i e l d  an e x t r e m e l y  b r i t t l e  
polymer . 
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( 2 )  With Higher Molecu la r  Weight P o l y e t h e r  

T e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  (2 .09  g ,  0 .009  mole) and 
t h e  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  of 1510 m o l e c u l a r  weight  ( 9 . 1  g ,  
0.006 mole)  was hea ted  t o  57°C over  a 35-minute p e r i o d .  Two d rops  of s t a n n o u s  
o c t o a t e  were added ,  and t h e  r e a c t i o n  t e m p e r a t u r e  r o s e  t o  84°C and s o l i d i f i e d .  
The m i x t u r e  was t h e n  warmed t o  110°C over a 10-minute p e r i o d  d u r i n g  which t ime  
t h e  p r o d u c t  l i q u i f i e d .  A f t e r  b e i n g  hea ted  t o  120°C i n  5 m i n u t e s ,  t h e  m a t e r i a l  
g e l l e d .  The polymer was advanced i n  a p r e s s  a t  160°C f o r  45 minu tes  t o  y i e l d  
a f a i r l y  tough e l a s t i c  s h e e t  which was n o t  b r i t t l e  i n  l i q u i d  n i t r o g e n .  Samples 
were  s u b m i t t e d  t o  MSFC f o r  LOX-compat ib i l i ty  t e s t i n g .  

c .  P r e p a r a t i o n  o f  a L i q u i d  F l u o r i n a t e d  Diamine Cured P o l y u r e t h a n e  of 
T e t r a f l u o r o - p - p h e n y l e n e  D i i s o c y a n a t e  and t h e  P o l y e t h e r  from 
P e r f l u o r o p r o p y l e n e  Oxide 

CO ___3 

The p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  of 1510 m o l e c u l a r  weight 
(7.5 g ,  0.005 mole) and t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  (2.32 g ,  0.01 mole) 
were m i x e d  f o r  1 hour  a t  room t e m p e r a t u r e .  I n f r a r e d  s p e c t r o s c o p y  i n d i c a t e d  
t h a t  t h e r e  had been  v e r y  l i t t l e  r e a c t i o n  d u r i n g  t h i s  t i m e .  The m i x t u r e  was 
s l o w l y  h e a t e d  t o  45"C, a t  which  p o i n t  s u b l i m a t i o n  o f  t h e  d i i s o c y a n a t e  s l o w l y  
began .  The m i x t u r e  began c l e a r i n g  a t  55"C, and a t  65°C i t  became a c l e a r  
homogeneous s o l u t i o n .  The t e m p e r a t u r e  was i n c r e a s e d  t o  150°C over  a 2-hour 
p e r i o d .  It was t h e n  c o o l e d  t o  65°C. A t  t h i s  t e m p e r a t u r e  t h e  m a t e r i a l  was 
v e r y  v i s c o u s .  The amine - t e rmina ted  p o l y e t h e r  of hexa f luo robenzene  and hexa- 
f l u o r o p e n t a n e d i o l  having  a m o l e c u l a r  weight of 665 (2 .27  g ,  0 ,0034 mole) was 
s t i r r e d  i n .  The polymer g e l l e d  a f t e r  3 m i n u t e s .  A s h e e t  was formed by 
p r e s s i n g  t h e  m a t e r i a l  between T e f l o n  c a u l  s h e e t s  unde r  2000- lb  f o r c e  a t  150°C 
f o r  3 h o u r s .  The r e s u l t i n g  m a t e r i a l  showed poor s t r e n g t h .  
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2 .  From P o l y e t h e r s  of Hexaf luorobenzene  and H e x a f l u o r o p e n t a n e d i o l  

a .  P r e p a r a t i o n  

The hydroxy l - t e rmina ted  2280 m o l e c u l a r  we igh t  p o l y e t h e r  o f  h e x a f l u o r o -  
benzene  and h e x a f l u o r o p e n t a n e d i o l  (11.4 g ,  0.005 mole) was h e a t e d  i n  a 50-ml 
r e s i n  f l a s k  t o  65°C; a t  t h i s  t e m p e r a t u r e ,  t h e  m a t e r i a l  became f l u i d  enough 
f o r  e a s y  s t i r r i n g .  T e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  (1.22 g ,  0.00525 mole) 
was added and t h e  r e a c t i o n  m i x t u r e  s t i r r e d .  A f t e r  3 m i n u t e s ,  t h e  m i x t u r e  
began t o  g e l .  The m a t e r i a l  was t r a n s f e r r e d  t o  T e f l o n  c a u l  s h e e t s  and press-  
cu red  a t  135°C under  200-ps i  p r e s s u r e .  The r e s u l t i n g  10-mi l  t h i c k  f i l m  was 
punched i n t o  11116-in.  d i a m e t e r  d i s k s  which  w e r e  s u b m i t t e d  f o r  LOX impact 
t e s t i n g  . 

LOX impact t e s t  spec imens  (14 m i l )  were a l s o  p r e p a r e d  from t h e  po ly -  
u r e t h a n e  o f  t e t r a f luo ro -m-pheny lene  d i i s o c y a n a t e  and t h e  2280 m o l e c u l a r  we igh t  
p o l y e t h e r  o f  hexaf luorobenzene  and h e x a f l u o r o p e n t a n e d i o l .  The r a t i o s  of re- 
a c t a n t s ,  r e a c t i o n  c o n d i t i o n s ,  and p r e s s  c u r i n g  c o n d i t i o n s  were i d e n t i c a l  t o  
t h o s e  f o r  t h e  above  p r e p a r a t i o n .  

b .  Lap Shear  T e s t  Specimens 

The hydroxy l - t e rmina ted  p o l y e t h e r  o f  hexa f luo robenzene  and h e x a f l u o r o -  
p e n t a n e d i o l  of 2280 molecu la r  we igh t  (5.7 g ,  0.0025 mole)  was warmed t o  70°C 
and t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  (0 .61  g ,  0.0025 mole) was q u i c k l y  
s t i r r e d  i n .  Mixing was c o n t i n u e d  f o r  1-112 minu tes  a t  t h i s  t e m p e r a t u r e .  The 
polymer was then  r a p i d l y  a p p l i e d  t o  e t c h e d  ( s u l f u r i c  a c i d / s o d i u m  d i c h r o m a t e  
s o l u t i o n )  2024-T3 c l a d  alum5num a d h e r e n d s .  The spec imens  were c u r e d  i n  a 
p r e s s  a t  135°C unde r  200-ps i  p r e s s u r e  f o r  2 h o u r s .  The t e s t  r e s u l t s  ( t h r e e  
tes ts  e a c h  a t  room t e m p e r a t u r e  and a t  -320°F) a r e  shown be low.  

Room -320°F 
Tempera ture  (L iqu id  N i t r o g e n )  

Lap Shear  S t r e n g t h ,  p s i  1950 1170 
3020 8 10 
2900 420 

Avg Lap Shear S t r e n g t h ,  p s i  2620 800 
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3 .  From t h e  P o l y e t h e r  of Chloropentafluoroisopropyl Alcohol  

HOCH2 (CF2)3CH2-0 

a .  I n  THF 

The p o l y e t h e r  from c h l o r o p e n t a f l u o r o i s o p r o p y l  a l c o h o l  , having  a 
m o l e c u l a r  we igh t  o f  3860 (4.03 g ,  0.00104 m o l e ) ,  t e t r a f l u o r o - m - p h e n y l e n e  d i -  
i s o c y a n a t e  (0 .24  g ,  0.00104 mole) and 20 ml of  THF were mixed f o r  2 hours  a t  
7 0 ° C .  Based on t h e  i n f r a r e d  spec t rum,  a l l  of t h e  NCO groups  were  r e a c t e d .  
An a d d i t i o n a l  0.08 g (0.00035 mole) of d i i s o c y a n a t e  was added and t h e  s o l u t i o n  
s t i r r e d  f o r  a n  a d d i t i o n a l  2 hour s  a t  70°C.  The THF was t h e n  removed t o  y i e l d  
a s o f t  s l i g h t l y  e l a s t i c  polymer.  

b .  I n  Hexafluoropentamethylene Oxide 

The p o l y e t h e r  from chloropentafluoroisopropyl a l c o h o l ,  having  a 
m o l e c u l a r  we igh t  o f  1325 (13 .3  g ,  0 .01  m o l e ) ,  was d i s s o l v e d  i n  h e x a f l u o r o -  
pen tame thy lene  o x i d e  (10  ml) a t  90"-95"C. Te t r a f luo ro -m-pheny lene  d i i s o c y a n a t e  
(2 .32  g ,  0.01 mole) was t h e n  added t o  t h e  p o l y e t h e r  a t  90°C. The m i x t u r e  was 
mixed f o r  5 minu tes  a t  85"-9OoC a f t e r  which t i m e  t h e  polymer g e l l e d .  The 
t e m p e r a t u r e  was m a i n t a i n e d  a t  90"-95"C f o r  an a d d i t i o n a l  15 m i n u t e s ,  t h e n  t h e  
s o l v e n t  was removed under r educed  p r e s s u r e .  The polymer was advanced i n  a 
p r e s s  a t  150"-165°C f o r  1-1/2 hours  t o  y i e l d  a s l i g h t l y  e l a s t i c  s h e e t .  D i sks  
( 2 1  m i l  t h i c k ;  1 1 / 1 6 - i n .  d i a m e t e r )  were punched from t h e  s h e e t  and s u b m i t t e d  
t o  MSFC f o r  LOX c o m p a t i b i l i t y  t e s t i n g .  

c .  I n  M e l t  

The p o l y e t  he r  from chloropentafluoroisopropyl a l c o h o l  ( m o l e c u l a r  
we igh t  1325) (13 .3  g ,  0.01 mole) and t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  
(2 .32  g ,  0.01 mole) were mixed a t  8Oo-90"C f o r  5 m i n u t e s .  A t  t h e  end o f  t h i s  
t i m e  t h e  m i x t u r e  g e l l e d .  The p roduc t  was t h e n  advanced i n  a p r e s s  a t  160°C 
f o r  1 hour .  The p roduc t  was b r i t t l e .  



4 .  From Poly(hexaf1uoropentamet  hy lene  hexafluoropentamethylene d i c a r b a m a t e )  

a .  P o l v u r e t  hane  

0 
II 

f;OH + 6 --> NCO 
(CF2)3CH2NHC-OCH2(CF2)3CH2 

0 
I1 

N-C-OCH2 (CF2)3CH2 OCNHCH2 (CF2)3CH2NHC-OCH2(CF t' Y 

Hydroxyl- t e rmina  t ed p o l y (  hexaf  l u o r  opent  amet h y l e n e  hexaf l u o r o p e n t a -  
me thy lene  d i c a r b a m a t e )  (MW 645) (10 .3  g ,  0.016 mole) was cha rged  t o  a r e s i n  
p o t  and h e a t e d  t o  120°C under  a d r y  n i t r o g e n  f low.  The prepolymer  became 
mol t en  and s t i r r i n g  was s t a r t e d .  Te t r a f luo ro -m-pheny lene  d i i s o c y a n a t e  (3.7 g ,  
0.016 mole) was added and h e a t i n g  c o n t i n u e d  t o  180°C. Because  some o f  t h e  
d i i s o c y a n a t e  sublimed o u t  o f  t h e  r e a c t i o n  mass ,  0.5 g more was added .  S t i r r i n g  
was c o n t i n u e d  u n t i l  t h e  r e a c t i o n  mass g e l l e d .  The t e m p e r a t u r e  was i n c r e a s e d  
t o  220°C and held a t  t h a t  t e m p e r a t u r e  f o r  1 hour .  Upon c o o l i n g ,  t h e  polymer 
s o l i d i f i e d  t o  a d a r k  brown b r i t t l e  m a t e r i a l .  

b .  P o l y u r e t h a n e - u r e a  

( 1 )  P r e p a r a t i o n  o f  Amino-Terminated Poly(hexafluoropentamethy1ene 
hexafluoropentamethylene d i c a r b a m a t e )  

0 0 
P II P y r i d i n e  

C1-C-0CH2(CF2),CH2OC-C1 + H2NCH2 (CF2)3CH2NH2 

Hexafluoro-1,5-pentanediamine ( 2 2 . 3  g ,  0.106 mole)  was d i s s o l v e d  
i n  THF (200  ml) and p y r i d i n e  (14.0 g ,  0.177 mole) was added .  Hexa f luo ropen ta -  
me thy lene  b i s c h l o r o f o r m a t e  (29.7 g ,  0 ,088  mole) was d i s s o l v e d  i n  THF (100 ml)  
and added t o  t h e  d i amine  s o l u t i o n  ove r  a p e r i o d  o f  2-112 h o u r s .  
THF was added t o  make a t o t a l  o f  450  m l  o f  s o l v e n t ,  and s t i r r i n g  was c o n t i n u e d  
f o r  2 h o u r s .  The p a l e  o r a n g e  p r e c i p i t a t e  o f  p y r i d i n e  h y d r o c h l o r i d e  was f i l t e r e d  
o f f  ( i t  was r e a d i l y  w a t e r  s o l u b l e )  and t h e  d a r k  f i l t r a t e  poured i n t o  d i s t i l l e d  

A d d i t i o n a l  
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w a t e r  w i t h  v igo rous  s t i r r i n g .  An emulsion formed which was b roken  by c a r e f u l  
a d d i t i o n  o f  sodium c h l o r i d e .  A mobile o i l  s e p a r a t e d  which was i s o l a t e d ,  
d i s s o l v e d  i n  e t h e r ,  and d r i e d  ove r  anhydrous magnesium s u l f a t e .  Removal o f  
s o l v e n t  under reduced  p r e s s u r e  y i e l d e d  4 2 . 8  g (94%) of v i s c o u s  polymer .  The 
m o l e c u l a r  weight  , de te rmined  by VPO , was 750+30. 

(2 )  Polyure thane-Urea  from Poly(hexafluoropentamethy1ene 
hexa f l u o r  open t ame t hy 1 en e d i c a r b  ama t e )  

O H  
II I 

-0-CH2 (CF2) 3CH2-O-C-N-CH2 (CF ) C H  -N- 2 3  2 

The amine- t  e rmina t  e d  p o l y (  hexaf  l uo ropen tame t  h y l e n e  hexa f l u o r o -  
pen tame thy lene  d i c a r b a m a t e  (MW 750) (20.0 g ,  0.027 mole)  was hea ted  t o  130"C, 
t h e n  t e t r a f l u o r o - m - p h e n y l e n e  d i i s o c y a n a t e  (6.9 g ,  0.03 mole) was added .  The 
t e m p e r a t u r e  was i n c r e a s e d  t o  175°C; t h e  mass g e l l e d  a f t e r  10 m i n u t e s .  The 
m i x t u r e  was held a t  175°C f o r  a n  a d d i t i o n a l  3 hours  t h e n  c o o l e d .  A t  t h e  end 
of t h i s  t i m e  t h e  polymer became b r i t t l e .  

C .  P o l y e t h e r s  

1. From P e r f l u o r o p r o p y l e n e  Oxide 

a .  P r e p a r a t i o n  of P o l y e t h e r  from P e r f l u o r o g l u t a r y l  F l u o r i d e  and 
P e r f  l u o r  op r  opy l e n e  Oxid e 

0 0 0 

CF2 ____I_) 
I I  I t  / - \  

F-C-(CF2)3-C-F + CF -CF- 3 

II I 

(1) P r e l i m i n a r y  Runs 

Cesium f l u o r i d e  (2 .0  g ,  0.013 mole)  was suspended  i n  d r y ,  r e -  
d i s t i l l e d  d ig lyme  (15  c c ) ,  and p e r f l u o r o g l u t a r y l  f l u o r i d e  (12.2 g ,  0 .05  mole) 
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was added .  The s o l u t i o n  was coo led  t o  -20°C t o  -30°C and p e r f l u o r o p r o p y l e n e  
o x i d e  (45 .0  g ,  0 .271  mole) was added s l o w l y  ove r  a 3-112 hour p e r i o d .  The 
m i x t u r e  was mixed f o r  an  a d d i t i o n a l  p e r i o d  o f  t i m e ,  t h e n  worked up.  These 
p r e l i m i n a r y  runs a r e  summarized i n  T a b l e  11. 

(2)  L a r g e r  S c a l e  Runs 

P e r f l u o r o g l u t a r y l  f l u o r i d e ,  ce s ium f l u o r i d e  ( d r i e d  a t  600°F) 
and d r i e d ,  d i s t i l l e d  d ig lyme were  mixed, t h e n  c o o l e d  t o  -20°C t o  -30°C. 
f l u o r o p r o p y l e n e  o x i d e  was added ove r  a 3-112 hour p e r i o d  a t  -25°C t o  -35°C. 
The m i x t u r e  was s t i r r e d ,  t h e n  warmed t o  room t e m p e r a t u r e  and t h e  u n r e a c t e d  
p e r f l u o r o p r o p y l e n e  o x i d e  c o l l e c t e d .  The p roduc t  was t h e n  f r a c t i o n a l l y  d i s -  
t i l l e d .  The r e s u l t s  a r e  summarized i n  T a b l e  111. 

Per -  

b .  Reduct ion  o f  t h e  a,w-Dimethyl Ester of P o l y ( p e r f l u o r o p r o p y 1 e n e  o x i d e )  

L i A  1H4 
9 

The 692 m o l e c u l a r  we igh t  p o l y e t  he r  o f  p e r f  l u o r o p r  py lene  o x i d e  whi h 
had been  i n i t i a t e d  w i t h  p e r f l u o r o g l u t a r y l  f l u o r i d e  and t e r m i n a t e d  a s  t h e  a , w -  
d i m e t h y l  es te r  (27 .0  g ,  0.039 mole) was d i s s o l v e d  i n  anhydrous  e t h e r  (60 ml)  
and added s lowly  t o  a s t i r r e d  s u s p e n s i o n  o f  l i t h i u m  aluminum h y d r i d e  (LAH) 
(1 .9  g ,  0.05 mole) i n  e t h e r  (250  m l ) .  The a d d i t i o n  was c a r r i e d  ou t  ove r  a 
3-1 /2  hour p e r i o d .  A t h i c k  p a s t y  mass formed which  p r e c i p i t a t e d  from t h e  
c l e a r  e t h e r e a l  s o l u t i o n .  A f t e r  s t a n d i n g  o v e r n i g h t  , a d d i t i o n a l  e t h e r  (150 ml) 
was added and t h e  m i x t u r e  was v i g o r o u s l y  s t i r r e d .  Water ( 4 . 0  g ,  0.022 mole)  
was c a r e f u l l y  added t o  d e s t r o y  t h e  e x c e s s  LAH. The r e a c t i o n  m i x t u r e  was t h e n  
poured i n t o  5% s u l f u r i c  a c i d  and t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  washed t w i c e  w i t h  
w a t e r ,  t a k e n  up i n  e t h e r  and d r i e d  ove r  anhydrous  magnesium s u l f a t e .  The 
aqueous l a y e r  was e x t r a c t e d  w i t h  two 150-ml p o r t i o n s  of e t h e r  and t h e  e t h e r e a l  
e x t r a c t s  combined w i t h  t h e  above  e t h e r  s o l u t i o n .  The s o l i d s  were f i l t e r e d  and 
t h e  s o l v e n t  removed under  r educed  p r e s s u r e ,  y i e l d i n g  22 .3  g (79 .5%)  of reduced  
p r o d u c t .  Hydroxyl t e r m i n a t i o n  was de t e rmined  t o  b e  v i r t u a l l y  q u a n t i t a t i v e ,  
a s  ev idenced  by i n f r a r e d  s p e c t r o s c o p y  (no c a r b o n y l  a b s o r p t i o n )  and compar ison  
of m o l e c u l a r  weight by vapor  p r e s s u r e  osmometry (720+20) and end group a n a l y s i s .  
Hydroxyl e q u i v a l e n t  weight  was 379+5 g f e q u i v a l e n t .  
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C .  Reduc t ion  o f  t h e  Acid F l u o r i d e  Termina ted  P o l y e t h e r  of P e r f l u o r o -  
p r o p y l e n e  Oxide 

H O C H ~ C F  OCF CF t 4 - x  
The 1183 m o l e c u l a r  we igh t  ac id  f l u o r i d e  t e r m i n a t e d  p o l y e t h e r  of p e r -  

f l u o r o p r o p y l e n e  o x i d e  ( 7 . 1  g ,  0.006 mole) was added ove r  a 2-hour p e r i o d  t o  a 
s o l u t i o n  of LAH ( 1 . 3  g ,  0.032 mole) i n  THF (150 m l ) .  The p o l y e t h e r  was o n l y  
s l i g h t l y  s o l u b l e  i n  t h e  s o l v e n t ;  t h e  r e a c t i o n  was r a p i d ,  however, a s  i n d i c a t e d  
by t h e  r a p i d  t e m p e r a t u r e  i n c r e a s e  o f  t he  s o l u t i o n .  S t i r r i n g  was c o n t i n u e d  
f o r  1 hour  a f t e r  a d d i t i o n  was comple t ed ,  t h e n  t h e  e x c e s s  LAH was d e s t r o y e d  by 
t h e  c a u t i o u s  a d d i t i o n  o f  w a t e r .  The r e s u l t i n g  g r a y  s l u r r y  was poured i n t o  
i c e d  5% s u l f u r i c  a c i d  (500 m l ) .  The o r g a n i c  l a y e r  was s e p a r a t e d  and t h e  a c i d  
e x t r a c t e d  w i t h  two 100-ml p o r t i o n s  o f  e t h e r .  The e t h e r  e x t r a c t s  were added t o  
t h e  s e p a r a t e d  p roduc t  and washed w i t h  two 100-ml p o r t i o n s  of e t h e r .  The 
e t h e r e a l  s o l u t i o n  was d r i e d  ove r  anhydrous magnesium s u l f a t e  f o r  16 h o u r s .  
A f t e r  f i l t r a t i o n ,  t h e  s o l v e n t  was s t r i p p e d  y i e l d i n g  6 .9  g (100%) o f  a mob i l e  
s l i g h t l y  mi lky  l i q u i d .  The m o l e c u l a r  weight  by VPO was 930525 and t h e  hydroxyl  
number was 473 g l e q u i v a l e n t .  

d .  AttemDted Dehvdra t ion  of Hvdroxvl-Terminated F l u o r i n a t e d  P o l v e t h e r  

A p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  (4.4 g )  hav ing  an  a p p r o x i -  
mate m o l e c u l a r  weight  o f  900 and c o n c e n t r a t e d  s u l f u r i c  a c i d  (100 ml)  were  
h e a t e d  a t  18O"-19O0C f o r  18 h o u r s .  There was no a p p a r e n t  r e a c t i o n .  
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e. Attempted Dehydra t ion  of 2-Trifluoromethyl-3-oxa-2~4,4,5,5,6,6,7,7- 
nona f l uo ro -  1,8- oc t a n e d i o l  

r CF, 
J b 

I - '  
H OCH2CF0 (CF2)4CH2 i 

CF3 I - H20 
HOCH2CF0 (CF2)4CH20H 

(1) Using Phosphorus P e n t o x i d e  

Phosphorus p e n t o x i d e  ( 5 . 0  g ,  0.036 mole)-2-trifluoromethyl-3- 
oxa-2,4,4,5,5,6,6,7,7-nonafluoro-lY8-octanedio1 ( 3 . 8  g ,  0 .01 mole) and d ig lyme 
(100  m l )  were r e f l u x e d  f o r  4 h o u r s .  
i n c r e a s e d .  A f t e r  112 hour a t  r e f l u x ,  t h e  s o l u t i o n  was d a r k  brown. A f t e r  
b e i n g  a l lowed  t o  c o o l  o v e r n i g h t ,  t h e  s o l u t i o n  was c o n c e n t r a t e d  under  r educed  
p r e s s u r e  and poured i n t o  w a t e r .  A s m a l l  amount of a mob i l e  l i q u i d  was 
o b t a i n e d .  The w a t e r  was d e c a n t e d  and t h e  d e n s e  o r g a n i c  m a t e r i a l  was d i s s o l v e d  
i n  THF. A f t e r  d r y i n g  t h e  THF s o l u t i o n  ove r  anhydrous  magnesium s u l f a t e ,  and 
f i l t e r i n g  and s t r i p p i n g  t h e  s o l v e n t  under  r educed  p r e s s u r e ,  2.6 g (68%) of 
s t a r t i n g  m a t e r i a l  was r e c o v e r e d  i n  t h e  form o f  a brown o i l .  The m o l e c u l a r  
we igh t  by VPO was 493+15 and t h e  hydroxy l  number was 907 g l e q u i v a l e n t .  

The s o l u t i o n  da rkened  a s  t h e  t e m p e r a t u r e  

(2) Using S u l f u r i c  Acid 

The e t h e r  used a s  s t a r t i n g  m a t e r i a l  i n  (1) above  ( 3 . 8  g ,  
0 . 0 1  mole)  was d i s s o l v e d  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  (100  m l )  and h e a t e d  a t  
120°C f o r  4 hour s .  The re  was n o  a p p a r e n t  r e a c t i o n .  

f .  R e a c t i o n  o f  Hydroxyl-Terminated F l u o r i n a t e d  P o l y e t h e r  
w i t h  Hexaf luorobenzene  

J 

( 1 )  I n  DMF 

The f l u o r i n a t e d  hydroxy l  t e r m i n a t e d  p o l y e t h e r  o f  868  m o l e c u l a r  
weight  (8 .68  g ,  0.01 m o l e ) ,  hexa f luo robenzene  (1 .86  g ,  0.01 m o l e ) ,  and p o t a s s i u m  
hydrox ide  ( 1 . 1  g ,  0.02 mole) were r e f l u x e d  o v e r n i g h t  i n  DMF. The s o l u t i o n  
was c o o l e d  and poured i n t o  w a t e r  w i t h  s t i r r i n g .  
u n t i l  t h e  s o l u t i o n  had a pH o f  abou t  4 ,  a t  which  p o i n t  t h e  p roduc t  s e t t l e d  o u t  

H y d r o c h l o r i c  a c i d  was added 
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a s  a y e l l o w  o i l .  T h i s  o i l  was washed f o u r  times w i t h  d i s t i l l e d  w a t e r ,  t h e n  
d i s s o l v e d  i n  e t h e r  and d r i e d  over  anhydrous magnesium s u l f a t e .  E v a p o r a t i o n  of  
t h e  e t h e r  under  reduced  p r e s s u r e  y i e l d e d  4 . 3  g o f  p r o d u c t .  The i n f r a r e d  
s p e c t r u m  i n d i c a t e d  b o t h  a l i p h a t i c  and a r o m a t i c  f l u o r i n e s  and t h e  f l u o r i n a t e d  
a r o m a t i c  r i n g  were p r e s e n t .  The molecular  weight  by VPO was 840k25 i n d i c a t i n g  
t h a t  o n l y  a few hydroxyl  ends had r e a c t e d .  

( 2 )  I n  THF and DMF a s  C a t a l y s t  

The f l u o r i n a t e d  hydroxyl  t e r m i n a t e d  p o l y e t h e r  of 868 m o l e c u l a r  
w e i g h t  (8 .68  g ,  0 . 0 1  m o l e ) ,  hexaf luorobenzene  (1.86 g ,  0 . 0 1  m o l e ) ,  and 
p o t a s s i u m  hydroxide  (1.1 g ,  0.02 mole) were r e f l u x e d  o v e r n i g h t  i n  50 m l  o f  
THF w i t h  0.5 g o f  DNF added a s  a c a t a l y s t .  The s o l u t i o n  was c o o l e d  and poured 
i n t o  w a t e r  w i t h  s t i r r i n g .  Hydrochlor ic  a c i d  was added u n t i l  t h e  pH of t h e  
s o l u t i o n  r e a c h e d  a b o u t  4 ,  a t  which p o i n t  t h e  p r o d u c t  s e t t l e d  o u t  a s  a w h i t e  
o i l .  T h i s  o i l  was washed f o u r  times w i t h  d i s t i l l e d  w a t e r  and was t h e n  d i s -  
s o l v e d  i n  e t h e r  and d r i e d  over  anhydrous magnesium s u l f a t e .  E v a p o r a t i o n  o f  
t h e  e t h e r  under  reduced  p r e s s u r e  y i e l d e d  6 .0  g o f  p r o d u c t .  The i n f r a r e d  
s p e c t r u m  i n d i c a t e d  t h e  f l u o r i n a t e d  a r o m a t i c  r i n g  and b o t h  a r o m a t i c  and a l i -  
p h a t i c  f l u o r i n e s  were p r e s e n t .  The molecular  w e i g h t  by VPO was 8701 25 
i n d i c a t i n g  t h a t  o n l y  a f e w  hydroxyl  ends had r e a c t e d .  

g .  P r e p a r a t i o n  o f  a F l u o r i n a t e d  P o l y e t h e r - P o l y e s t e r  

I 
-CH2 OCH2 (CF2)3CH20H I 

I 

I 
I 

i - 3  - - 3  11 
H f O - C H 2  (CF2) ,CH2-O-C-CF+0-CF2-CF-+ X 0- (CF2) -O#F:CF2-Ot(!F .. - ,LOCH2 ( CF2) 3CH20H 

I J 
The a c i d  f l u o r i d e  t e r m i n a t e d  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e  

o f  820 m o l e c u l a r  weight  (26 .3  g ,  0.032 mole)  and h e x a f l u o r o p e n t a n e d i o l  (9 .5  g ,  
0.045 mole) were h e a t e d  t o  75°C over  a 1 /2-hour  p e r i o d  and from 75°C t o  115°C 
o v e r  a 1/2-hour  p e r i o d .  The r e a c t i o n  m i x t u r e  was t h e n  h e a t e d  a t  110"-120"C 
f o r  16 h o u r s .  The product  was v a c u u m - d i s t i l l e d  t o  200°C a t  2 mm t o  y i e l d  7 . 6  
o f  p o l y e s t e r  which  was i n s o l u b l e  i n  methyl  e t h y l  k e t o n e ,  p y r i d i n e ,  d i o x a n e ,  
and c h l o r o f o r m .  The polymer had t h e  t y p i c a l  e s t e r  a b s o r p t i o n  i n  t h e  i n f r a r e d  
s p ec t rum. 
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2 .  From Hexaf luo ropen taned io l  

a .  P o l y e t h e r s  of Hexaf luo robenzene  and Hexaf l u o r o p e n t a n e d i o l  

(1) P r e p a r a t i o n  o f  P o l y e t h e r s  of Hexaf luo robenzene  and Hexaf luo ro -  
p e n t a n e d i o l  Using t h e  D i l i t h i u m  S a l t  of H e x a f l u o r o p e n t a n e d i o l  

r 1 

L J x  

( a )  I n  R e f l u x i n g  DMF 

Hexaf luorobenzene  (2 .33  g ,  0.0125 mole) was d i s s o l v e d  i n  
DMF (25 m l ) ,  t h e  d i l i t h i u m  s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  (3.00 g , 0.0134 mole) 
was added ,  and t h e  s o l u t i o n  r e f l u x e d  o v e r n i g h t  (138OC). The r e s u l t i n g  brown 
s o l u t i o n  was poured i n t o  w a t e r  (500 m l ) .  The o i l  was s e p a r a t e d ,  t a k e n  up i n  
THF, and t h e  w a t e r  t r e a t m e n t  r e p e a t e d  t w i c e .  A f t e r  s e p a r a t i o n ,  t h e  o i l  was 
d i s s o l v e  i n  THF and d r i e d  o v e r  anhydrous  magnesium s u l f a t e .  Removal o f  t h e  
s o l v e n t  l e f t  4.7 g o f  p o l y e t h e r .  The m o l e c u l a r  w e i g h t  (by VPO) was 765. 

(b)  I n  THF and i n  E t h e r  

The r e a c t i o n  was s i m i l a r l y  r u n  i n  r e f l u x i n g  THF and a l s o  
i n  e t h e r  a t  room t e m p e r a t u r e .  No polymer was formed i n  e i t h e r  c a s e .  

( c )  Advancement of P o l y e t h e r  i n  R e f l u x i n g  DMF 

I n  an a t t e m p t  t o  i n c r e a s e  t h e  m o l e c u l a r  we igh t  and o b t a i n  
c o m p l e t e  hydroxyl  t e r m i n a t i o n ,  t h e  p o l y e t h e r  from ( a )  above  ( 3 . 0  g ,  0.0039 mole)  
was r e a c t e d  w i t h  t h e  d i l i t h i u m  s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  ( 3 . 0  g ,  0.013 mole) 
i n  r e f l u x i n g  DMF o v e r n i g h t .  Workup y i e l d e d  3 . 9  g o f  d a r k  brown s o l i d  po ly -  
e t h e r .  The molecu la r  we igh t  (by VPO) was 1150 and i t s  hydroxy l  e q u i v a l e n t  was 
1089 g l h y d r o x y l .  

(d)  I n  DMF a t  Room Tempera ture  

Hexaf luorobenzene  (4 .65  g ,  0.025 mole) was d i s s o l v e d  i n  
DMF (25 m l )  , and t h e  d i l i t h i u m  s a l t  o f  hexaf l u o r o p e n t a n e d i o l  (5 .95  g ,  
0.0255 mole) i n  DMF (25 m l )  was added immedia t e ly .  The t e m p e r a t u r e  of t h e  r e -  
a c t i o n  r o s e  t o  60°C t h e n  s l o w l y  f e l l  t o  room t e m p e r a t u r e .  The s o l u t i o n  was 
s t i r r e d  a t  room t e m p e r a t u r e ,  under  n i t r o g e n ,  f o r  1 0  d a y s .  The r e s u l t a n t  p a l e  
t a n  s o l u t i o n  was poured i n t o  d i s t i l l e d  w a t e r  (500 ml)  and s t i r r e d  v i g o r o u s l y .  
The aqueous l a y e r  was decan ted  (pH 8 )  and t h e  po lymer i c  p r e c i p i t a t e  t a k e n  up 
i n  THF (50 m l )  and a g a i n  poured i n t o  w a t e r .  The p a l e  y e l l o w  p r e c i p i t a t e  was 
once  a g a i n  s e p a r a t e d  and d i s s o l v e d  i n  THF. The polymer s o l u t i o n  was d r i e d  



o v e r  anhydrous  magnesium s u l f a t e .  A f t e r  f i l t e r i n g ,  t h e  s o l v e n t  was s t r i p p e d  
under  r educed  p r e s s u r e ,  y i e l d i n g  a s l i g h t l y  ye l low polymer (5 .6  g ) .  E x t r a c -  
t i o n  o f  t h e  o r i g i n a l  aqueous l a y e r  y i e l d e d  a s m a l l  amount (1.3 a )  of deepe r  
y e l l o w  polymer.  A t o t a l  of 6 . 9  g (77%) o f  p roduc t  was o b t a i n e d .  The m o l e c u l a r  
we igh t  of t h e  p r e c i p i t a t e d  polymer by VPO was 1090+20, and t h e  hydroxyl  equ iva -  
l e n t  was 5550 g / e q u i v a l e n t .  

( 2 )  P r e p a r a t i o n  of P o l y e t h e r  o f  Hexaf luorobenzene  and Hexaf luoro-  
p e n t a n e d i o l  Using Hexaf l u o r o p e n t a n e d i o l  and Po tas s ium Hydroxide 
i n  THF w i t h  DMF a s  C a t a l y s t  

Hexaf luorobenzene  (3.7 g ,  0.02 mole)  , h e x a f l u o r o p e n t a n e d i o l  
(4.24 g ,  0.02 m o l e ) ,  p o t a s s i u m  hydroxide  (2 .2  g ,  0 .04  mole)  and DMF (1 .0  g )  
were  r e f l u x e d  o v e r n i g h t  i n  50 m l  of THF. The s o l u t i o n  was poured i n t o  w a t e r  
w i t h  s t i r r i n g .  A w h i t e  s e m i s o l i d  was r e c o v e r e d  from t h e  w a t e r ,  and was a g a i n  
washed s e v e r a l  t i m e s  w i t h  w a t e r .  With e a c h  s u c c e s s i v e  washing t h e  p roduc t  be -  
came more v i s c o u s .  The s o l i d  was t h e n  t a k e n  up i n  THF and d r i e d  ove r  anhydrous 
magnesium s u l f a t e .  The THF was evapora t ed  under  reduced  p r e s s u r e ,  y i e l d i n g  
6 .0  g (81%) of a w h i t e  s o l i d  w i t h  a molecu la r  weight  o f  1850250. 

( 3 )  P r e p a r a t i o n  of Comple te ly  Hydroxyl-Terminated P o l y e t h e r s  
o f  Hexaf luorobenzene  and H e x a f l u o r o p e n t a n e d i o l  

( a )  P o l y e t h e r s  w i t h  Mixed End-Groups 

These p o l y e t h e r s  were p r e p a r e d  i n  DMF s o l u t i o n  by t h e  p roce -  
d u r e  d e s c r i b e d  i n  Annual Summary Report  111. The  r a t i o  o f  r e a c t a n t s ,  y i e l d s ,  
m o l e c u l a r  w e i g h t s  (by VPO), and hydroxyl e q u i v a l e n t  w e i g h t s  a r e  shown i n  
T a b l e  I V .  

( b )  Capping o f  t h e  P o l y e t h e r s  o f  Hexaf luorobenzene  and 
H e x a f l u o r o p e n t a n e d i o l  w i t h  Dihydropyran  

The hexafluorobenzene-hexafluoropentanediol p o l y e t h e r ,  d i -  
hydropyran ,  and c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  were r e a c t e d  a t  r e f l u x  tempera-  
t u r e  f o r  16 h o u r s .  I n f r a r e d  s p e c t r o s c o p y  and end group a n a l y s i s  i n d i c a t e d  
t h a t  t h e  p o l y e t h e r s  o b t a i n e d  c o n t a i n e d  no  f r e e  hydroxy l  g r o u p s .  The m o l e c u l a r  
w e i g h t s  (by VPO) o f  t h e  capped p o l y e t h e r s  a r e  l i s t e d  i n  T a b l e  I V .  A t y p i c a l  
r e a c t i o n  is  d e s c r i b e d  below. 
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I n t o  a l O O O - m l ,  three-necked f l a s k  equipped w i t h  s t i r r e r ,  
c o n d e n s e r ,  and d r y i n g  t u b e  were i n t r o d u c e d  t h e  hexafluorobenzene-hexafluoro- 
p e n t a n e d i o l  p o l y e t h e r  (168 g) (MW 1400 by VPO; O H  eq w t .  1 6 4 0 ) ,  d i h y d r o p y r a n  
(400 m l ) ,  and 20 d r o p s  of  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The m i x t u r e  was 
s t i r r e d  a t  r e f l u x  f o r  16 h o u r s ,  c o o l e d ,  and t h e  e x c e s s  d i h y d r o p y r a n  s t r i p p e d ,  
y i e l d i n g  180 g of l i g h t  brown v i s c o u s  l i q u i d .  

( c )  R e a c t i o n  o f  t h e  Capped Hexaf luorobenzene-Hexaf l u o r o -  
p e n t a n e d i o l  P o l y e t h e r s  w i t h  t h e  Sodium S a l t  o f  
Hexaf l u o r o p e n t a n e d i o l  

q 0 C H 2  (CF2) 3CH20 - @ L O C H 2  (CF2) 3CH20H 

A t y p i c a l  r u n  is  d e s c r i b e d  a s  f o l l o w s .  

The capped p o l y e t h e r  d e s c r i b e d  above (114 g) (MW 795 by 
VPO), t h e  monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  (89 g ) ,  and DNF (400 m l )  
were s t i r r e d  a t  130°C f o r  16 h o u r s .  The polymer was i s o l a t e d  by  p o u r i n g  i n t o  
h o t  w a t e r .  The aqueous l a y e r  was d e c a n t e d  and t h e  o r g a n i c  p o r t i o n  s u b s e q u e n t l y  
washed t h r e e  t imes f o r  1-1/2 hours  w i t h  b o i l i n g  w a t e r .  The gum was t h e n  d i s -  
s o l v e d  i n  e t h e r ,  d r i e d  w i t h  anhydrous sodium s u l f a t e ,  and s t r i p p e d .  A d a r k  
brown v i s c o u s  l i q u i d ,  128 g ,  was o b t a i n e d .  The i n f r a r e d  s p e c t r u m  o f  t h i s  
l i q u i d  p r o d u c t  i n d i c a t e d  t h e  p r e s e n c e  of hydroxyl  g r o u p s .  The m o l e c u l a r  w e i g h t s  
(by VPO) and t h e  hydroxyl  e q u i v a l e n t  weights  o f  t h e  v a r i o u s  r u n s  a r e  shown i n  
T a b l e  I V .  

(d)  Acid H y d r o l y s i s  o f  Capped P o l y e t h e r s  

H 0 
H2° 

OCH2(CF2)3C%-0 CH2 (CF2 ) 3C H20H . 
I 

H+CH2 (cF*)3cH20@++ocH2 (CF2)3CH20H 

A t y p i c a l  h y d r o l y s i s  i s  i l l u s t r a t e d  below.  The p r o d u c t  
from t h e  above r e a c t i o n  of t h e  capped p o l y e t h e r  w i t h  monosodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l  was d i s s o l v e d  i n  300 m l  o f  THF and r e f l u x e d  w i t h  200 ml of  
2 N  - h y d r o c h l o r i c  a c i d  f o r  2 h o u r s .  The p r o d u c t  was e x t r a c t e d  w i t h  e t h e r ,  
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t r e a t e d  w i t h  c h a r c o a l ,  and d r i e d  ove r  anhydrous  magnesium s u l f a t e .  The e t h e r  
was e v a p o r a t e d  y i e l d i n g  a l i g h t  brown, v i s c o u s  l i q u i d .  The m o l e c u l a r  w e i g h t s  
(by VPO) and t h e  hydroxyl  e q u i v a l e n t  w e i g h t s  of t h e  v a r i o u s  h y d r o l y s e s  a r e  
l i s t e d  i n  Tab le  I V .  

b .  P r e p a r a t i o n  of Amine-Terminated P o l y e t h e r  o f  Hexaf luo robenzene  
and Hexaf l u o r o p e n t a n e d i o l  

@+ C H ~ ( C F  2 3 2 u k  ) CH o @ F + N H ~  ( a q . )  ______.t 

L J 
r 1 

Run 1: The pentafluorophenyl-terminated polyet . .er  of h e x a f l u o r o -  
p e n t a n e d i o l  and hexa f luo robenzene  hav ing  a m o l e c u l a r  w e i g h t  of 635 ( 9 . 0  g ,  
0.014 mole) and ammonium hydrox ide  (15 m l ,  0 .23  mole) were r e a c t e d  i n  a bomb 
a t  116°C f o r  26 h o u r s .  There  was n o  a p p a r e n t  r e a c t i o n .  

Run 2: The above  r e a c t i o n  was r e p e a t e d  a t  a t e m p e r a t u r e  of 200°C 
f o r  16 h o u r s .  The r e a c t i o n  m i x t u r e  was t h e n  e x t r a c t e d  w i t h  e t h e r  and t h e  
e t h e r  s o l u t i o n  d r i e d  over anhydrous  magnesium s u l f a t e .  A f t e r  f i l t e r i n g  and 
e v a p o r a t i n g  t h e  e t h e r ,  5 g o f  a r e d  brown o i l  remained .  T h i s  o i l  was d i s s o l v e d  
i n  THF and d e c o l o r i z e d  w i t h  c h a r c o a l .  A f t e r  d r y i n g  t h e  THF s o l u t i o n  o v e r  
anhydrous  magnesium s u l f a t e  and a s m a l l  amount o f  sodium m e t a b i s u l f i t e ,  t h e  
s o l u t i o n  was f i l t e r e d  and t h e  s o l v e n t  e v a p o r a t e d ,  l e a v i n g  4 . 3  g o f  a r e d -  
brown o i l .  This  o i l  was i d e n t i f i e d  by i t s  i n f r a r e d  s p e c t r u m ,  a s  t h e  d e s i r e d  
amine- te rmina ted  p o l y e t h e r .  I t s  m o l e c u l a r  w e i g h t  was 686 and i t s  amine equ iva -  
l e n t  weight  was 392. 

c .  Attempted P r e p a r a t i o n  o f  t h e  P o l y e t  her  o f  H e x a f l u o r o p e n t a n e d i o l  
and P e r f  l u o r  open t  a - 1 , 4-d i e n e  

1 
HOCH2 (CF2)3CH20H + CF2=CF-CF2-CF=CF2 

r 
OCH2 ( CF2) 3CH2 -O-CF2-CFH-CF2 -CFH-CF 

H e x a f l u o r o p e n t a n e d i o l  ( 4 . 9 0  g ,  0.023 mole)  and p o t a s s i u m  hydrox ide  
(0.20 g ,  0.0036 mole)  were d i s s o l v e d  i n  15 m l  of  THF, t h e n  c o o l e d  t o  - 7 8 O C .  
Perfluoropenta-lY4-diene (4 .20  g ,  0.20 mole) was t h e n  added ,  mixed f o r  15 minu tes  
a t  -78-C, and s l o w l y  warmed t o  room t e m p e r a t u r e  w i t h  s t i r r i n g .  The s o l u t i o n  
was a g i t a t e d  f o r  4 days  a t  room t e m p e r a t u r e ,  f i l t e r e d  and t h e  THF removed. The 



r e s i d u e  was t h e n  washed t h r i c e  w i t h  w a t e r ,  d i s s o l v e d  i n  e t h e r  and d r i e d .  
After  removal  of t h e  e t h e r ,  0 .7  g of an o i l y  product  was o b t a i n e d .  Based on 
t h e  i n f r a r e d  s p e c t r u m ,  t h e  p r o d u c t  c o n t a i n e d  u n s a t u r a t i o n  a s  w e l l  a s  t h e  
e x p e c t e d  hydroxyl  g r o u p s .  

3.  From F l u o r i n a t e d  Alcohols  

a .  P r e p a r a t i o n  o f  P o l y e t h e r  from C h l o r o p e n t a f l u o r o i s o p r o p y l  Alcohol  

OH 00 I 
HOCH2 (CF2)3CH20 Na + CF3-CH-CF2C 1 - 

H O C H ~  ( c F ~ ) ~ c H ~ - o  H 

(1) I n  Hexafluoropentamethylene Oxide 

The monosodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  (17.5 g ,  0 .075 mole) 
was suspended i n  hexafluoropentamethylene o x i d e  (50 ml) , t h e n  c h l o r o p e n t a -  
f l u o r o i s o p r o p y l  a l c o h o l  (13 .9  g ,  0.075 mole)  was added over a 5-minute  p e r i o d .  
The s l u r r y  was s l o w l y  h e a t e d  t o  80°C, a t  which t e m p e r a t u r e  t h e  sodium s a l t  
a p p e a r e d  t o  d i s s o l v e .  The m i x t u r e  was s t i r r e d  a t  90"-100"C f o r  18 h o u r s .  
The s l u r r y  was c o o l e d ,  f i l t e r e d  and t h e  s o l v e n t  removed from t h e  f i l t r a t e .  
The r e s i d u e  was washed r e p e a t e d l y  w i t h  w a t e r ,  d i s s o l v e d  i n  e t h e r ,  t h e n  d r i e d  
w i t h  anhydrous  magnesium s u l f a t e .  The e t h e r  was removed, y i e l d i n g  2 . 6  g 
(23.7%) of polymer.  

(2) I n  THF 

The sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  (155.4 g ,  0 .663 mole) 
was d i s s o l v e d  i n  THF (450 ml). Chloropentafluoroisopropyl a l c o h o l  (122.7 g ,  
0.663 mole) was added o v e r  a 5-minute  p e r i o d ,  a t  t h e  end o f  which t i m e  t h e  
t e m p e r a t u r e  o f  t h e  m i x t u r e  had r i s e n  t o  42°C. It was s t i r r e d  f o r  10  minutes  
a t  42"C, t h e n  t h e  r e a c t i o n  t e m p e r a t u r e  rose t o  67°C o v e r  a 10 m i n u t e  p e r i o d .  
The m i x t u r e  was s t i r r e d  a t  65"-70°C f o r  18 h o u r s ,  c o o l e d ,  and f i l t e r e d .  The 
THF was removed and t h e  r e s i d u e  washed r e p e a t e d l y  w i t h  hot  w a t e r .  The r e s i d u e  
was t h e n  d r i e d  f o r  15 hours  a t  62°C i n  a vacuum oven t o  y i e l d  7 5 . 8  g (76.5%) 
of  polymer,  having  a m o l e c u l a r  w e i g h t  o f  1325 by VPO. 

(3)  Advancement of t h e  P o l y e t h e r  f rom Chloropentafluoroisopropyl 
Alcohol  

The p o l y e t h e r  from chloropentafluoroisopropyl a l c o h o l  having  a 
m o l e c u l a r  w e i g h t  of 3860 was s l o w l y  hea ted  t o  100°C o v e r  a 1 /2-hour  p e r i o d ,  

49 



a t  which  p o i n t  w a t e r  began t o  e v o l v e .  AS t h e  polymer was g r a d u a l l y  hea ted  
from 100°C t o  140°C over  a 1 /2 -hour  p e r i o d  w i t h  e v o l u t i o n  o f  w a t e r ,  t h e  polymer 
g e l l e d .  The f i n a l  polymer was i n s o l u b l e  i n  a l l  common s o l v e n t s .  The e l e m e n t a l  
a n a l y s i s  of t h e  polymer b e f o r e  and a f t e r  advancement was a s  f o l l o w s :  

% F - % c1 - % H  - % C  - 
B e f o r e  Advancement: 25 .O 2.28 0.79 51 .61  

A f t e r  Advancement : 26.98 1.18 0 .80  56 .83  

b.  P r e p a r a t i o n  of t h e  P o l y e t h e r  from H e x a f l u o r o i s o p r o p y l  A lcoho l  

( 1 )  Sodium Hydroxide I n i t i a t i o n  

OH 
I 

CF3-CH-CF3 + NaOH _111+ 

( a )  A t  Room Tempera ture  

A s l u r r y  was made by v i g o r o u s l y  s t i r r i n g  sodium hydrox ide  
p e l l e t s  (2.0 g ,  0.05 mole) and sodium d r i e d  THF (20  m l ) .  H e x a f l u o r o i s o p r o p y l  
a l c o h o l  (8 .3  g ,  0.05 mole) d i s s o l v e d  i n  THF (15  ml)  was added ove r  a p e r i o d  of 
10 m i n u t e s .  The r e a c t i o n  was r u n  a t  room t e m p e r a t u r e  f o r  16 hours  d u r i n g  which 
a w h i t e  p r e c i p i t a t e  formed. The s o l u t i o n  was d r i e d  ove r  magnesium s u l f a t e .  
A f t e r  f i l t r a t i o n ,  t h e  THF was s t r i p p e d  from t h e  s o l u t i o n  and 6.5 g o f  l i g h t  
ye l low polymer i s o l a t e d  which  was washed twice w i t h  h o t  w a t e r  and d r i e d .  The 
m o l e c u l a r  weight  was de t e rmined  t o  b e  1600 (by  VPO). 

% F  

C a l c u l a t e d  f o r  C3HF50: 24.30 0.68 64 .1  
- % H  - % C  

A n a l y s i s  : - 

Found : 19.73 0 .69  53.79 

(b) A t  E l e v a t e d  Tempera ture  

H e x a f l u o r o i s o p r o p y l  a l c o h o l  (33.6 g ,  0.2 mole)  , p u l v e r i z e d  
sodium hydroxide  (8.0 g ,  0.2 mole) and 130  m l  o f  THF were mixed o v e r n i g h t  a t  
60"-65"C. The THF was t h e n  removed and t h e  r e s i d u e  washed w i t h  w a t e r ,  and 
d r i e d  i n  a vacuum oven a t  60°C f o r  6 h o u r s .  The r e s u l t a n t  polymer was a l i g h t  
t a n  s e m i s o l i d  hav ing  a m e l t i n g  p o i n t  of 73"-78"C, w i t h  a p p a r e n t  w a t e r  e v o l u t i o n  

I a t  115"-120°C. The y i e l d  o f  t h e  polymer was 1 4 . 0  g (47.3%). 

When t h e  above r e a c t i o n  was r e p e a t e d  u s i n g  e t h e r  a s  a 
r ep lacemen t  f o r  t h e  THF, no  r e a c t i o n  o c c u r r e d .  
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( 2 )  Unsuccess fu l  Attempt  Using t h e  Sodium S a l t  of Hexaf luoro-  
p e n t a n e d i o l  a s  t h e  I n i t i a t o r  

HOCH2(CF ) C H  0 
@a O H  

I 

2 3  2 CF3-CH-CF3 + Na OCH2(CF 

L J 

H e x a f l u o r o i s o p r o p y l  a l c o h o l  (11.6 g ,  0.07 m o l e ) ,  t h e  monosodium 
s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  (16 .4  g ,  0.07 m o l e ) ,  and d r y  THF (50 ml) were 
mixed f o r  16 hours  a t  r e f l u x .  There  w a s  no  a p p a r e n t  r e a c t i o n .  

c .  Attempted P r e p a r a t i o n  of Poly(1,l-difluoroethylene o x i d e )  

(1) With Sodium Hydroxide 

T r i f l u o r o e t h a n o l  (20.0 g ,  0 .02 mole)  was d i s s o l v e d  i n  THF (400 m l ) .  
Sodium hydrox ide  (8 .0  g ,  0.20 mole)  was added and t h e  m i x t u r e  r e f l u x e d  f o r  
70  h o u r s .  A f t e r  c o o l i n g ,  t h e  p a l e  brown l i q u i d  was d e c a n t e d  o f f  t h e  p r e c i p i -  
t a t e d  s a l t s .  The s o l v e n t  was s t r i p p e d  under  r educed  p r e s s u r e ,  y i e l d i n g  a 
t a n  s e m i c r y s t a l l i n e  m a t e r i a l  ( 9 . 3  g ) .  T h i s  was d i s s o l v e d  i n  wa te r  ( r e a d i l y  
s o l u b l e )  , e x t r a c t e d  w i t h  e t h e r ,  and d r i e d  over  anhydrous magnesium s u l f a t e .  
None o f  t h e  d e s i r e d  m a t e r i a l  was ob ta ined .  

( 2 )  Wi th  Sodium S a l t  o f  H e x a f l u o r o p e n t a n e d i o l  

The above exper iment  was r e p e a t e d  w i t h  t h e  monosodium s a l t  o f  
h e x a f l u o r o p e n t a n e d i o l ;  t h e  same n e g a t i v e  r e s u l t s  were o b t a i n e d .  

4 .  By R e a c t i o n  o f  Poly(hexafluoropentamethy1ene c a r b o n a t e )  w i t h  S u l f u r  
T e t r a f l u o r i d e  

a .  P r e p a r a t i o n  of t h e  P o l y e t h e r  from Hydroxyl-Terminated Poly(hexa-  
f l u o r o p e n t  amet hy l e n e  carbona  t e )  and S u l f u r  T e t r a  f l u o r  i d  e 

r 1 
F. CH2 (CF2)3CH20-CF20 t 
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Poly(hexaf1uoropentamethylene c a r b o n a t e )  ( 3 0 . 0  g ) ,  having  a m o l e c u l a r  
weight  of  1845 by VPO, s u l f u r  t e t r a f l u o r i d e  ( 2 7 . 0  g ) ,  and b o r o n  t r i f l u o r i d e  
( 1 . 0  g)  were r e a c t e d  i n  a bomb a t  200°C f o r  16 h o u r s .  A f t e r  c o o l i n g ,  t h e  
bomb was opened and t h e  e t h e r  s o l u b l e  p r o d u c t  washed t h r e e  t i m e s  w i t h  w a t e r .  
The e t h e r  l a y e r  was s e p a r a t e d ,  t r e a t e d  w i t h  c h a r c o a l ,  and d r i e d  over  magnesium 
s u l f a t e .  Removal o f  t h e  s o l v e n t  under  reduced  p r e s s u r e  y i e l d e d  28 g of l i g h t  
y e l l o w  v i s c o u s  l i q u i d .  The i n f r a r e d  s p e c t r u m  was c o n s i s t e n t  w i t h  t h e  proposed 
s t r u c t u r e  except  f o r  t h e  p r e s e n c e  of  some r e s i d u a l  c a r b o n a t e  l i n k a g e s .  
m o l e c u l a r  weight  by VPO was 1015. 

The 

S t a r t i n g  P o l y c a r b o n a t e  A n a l y s i s :  
% F  - % H  - 70 c - 

C a l c u l a t e d  f o r  C6H4F603: 30.2 1 .68  4 7 . 9  

Found : 30.43 2 .08  45.14 

Product  Ana l y s  i s  : 

C a l c u l a t e d  f o r  C6H4F802: 27.7 1.54 58.5 

Found : 27.94 1.49 55.43 

b .  P r e p a r a t i o n  of  a Hydroxyl-Terminated P o l y e t h e r  f rom Poly(hexa-  
f luoropentamet  h y l e n e  c a r b o n a t e )  

( 1) Ac e t y 1 a t  i o n  of Po l y  ( hexa f l u o r  op en  t ame t hy l e n e  c a r b  ona t e)  

0 1  0 

P o l y ( h e x a f  l u o r o p e n t a m e t h y l e n e  c a r b o n a t e )  (15 g , 0.01 mole ,  
MW 1540 b y  VPO; OH w t .  940) ,  a c e t i c  a n h y d r i d e  ( 6  g ) ,  sodium a c e t a t e  (1 g ) ,  and 
a c e t i c  a c i d  (50 ml)  were r e f l u x e d  f o r  4 h o u r s ,  The m i x t u r e  was c o o l e d  and 
poured i n t o  i c e  w a t e r .  The o r g a n i c  l a y e r  was e x t r a c t e d  w i t h  e t h e r  and washed 
w i t h  5% sodium c a r b o n a t e  s o l u t i o n .  The s o l u t i o n  was d r i e d  and t h e  e t h e r  
e v a p o r a t e d  l e a v i n g  a l i g h t  y e l l o w  l i q u i d  (13.5 g )  which c r y s t a l l i z e d  on 
s t a n d i n g .  The i n f r a r e d  s p e c t r u m  i n d i c a t e d  t h a t  no  hydroxyl  groups  were p r e -  
s e n t  i n  t h e  p r o d u c t .  The m o l e c u l a r  weight  (by VPO) was 1880. 
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Ana l y s i s  : 7 - F  - 
C a l c u l a t e d  : 31.3 2 . 0  46 .3  

Found : 32.11 1.75 45.37 

( 2 )  R e a c t i o n  of  A c e t y l a t e d  P o l y c a r b o n a t e  w i t h  S u l f u r  T e t r a f l u o r i d e  

A 75-ml s t a i n l e s s  s t e e l  bomb, charged  w i t h  t h e  a c e t y l a t e d  poly-  
es te r  ( 1 2 . 5  g ) ,  (MW 1880 by  VPO) ( d e s c r i b e d  i n  (1) a b o v e ) ,  s u l f u r  t e t r a f l u o r i d e  
(12 g ) ,  and a t r a c e  of  boron  t r i f l u o r i d e ,  was h e a t e d  a t  200°C f o r  16 h o u r s .  
A f t e r  c o o l i n g ,  t h e  bomb was opened and t h e  brown l i q u i d  r e c o v e r e d  was washed 
w i t h  2% sodium c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  
was t r e a t e d  w i t h  c h a r c o a l  and d r i e d  over anhydrous sodium s u l f a t e .  The e t h e r  
was e v a p o r a t e d ,  y i e l d i n g  10 g of  p r o d u c t .  The i n f r a r e d  s p e c t r u m  s t i l l  i n d i -  
c a t e d  t h e  p r e s e n c e  o f  c a r b o n a t e  g r o u p s .  The m o l e c u l a r  weight  (by VPO) was 
700, a p p r o x i m a t e l y  o n e - h a l f  o f  t h e  m o l e c u l a r  weight  of  t h e  s t a r t i n g  poly-  
c a r b o n a t  e .  

Ana l y s  i s  : % F 

C a l c u l a t e d  f o r  A c e t y l a t e d  P o l y c a r b o n a t e :  31.3 2 .0  46 .3  

C a l c u l a t e d  f o r  P o l y e t h e r ,  C6H4F702: 27.7 1.54 58.5 

- % C  % H  - - 

Found: 26.63 1 . 5 1  61.07 

(3) H y d r o l y s i s  of  t h e  P o l y e t h e r  

CH2(CF ) CH 0-CF2CH3 
O H  

2 3  2 CH3CF2-0 CH2 (CF2)3CH20-CF2-0 t P 
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( a )  With Acid 

An a t t e m p t  was made t o  h y d r o l y z e  t h e  a c e t y l  end groups  of 
t h e  p o l y e t h e r  by r e f l u x i n g  i n  h y d r o c h l o r i c  a c i d  f o r  4 h o u r s ,  
a p p a r e n t  r e a c t i o n .  

The re  was no 

(b )  With Base 

The p o l y e t h e r  o f  700 m o l e c u l a r  weight  (20 g )  and 33% 
aqueous po ta s s ium hydroxide  (75 g )  were r e f l u x e d  i n  THF (50 ml)  f o r  1 h o u r .  
The polymer was e x t r a c t e d  w i t h  e t h e r ,  washed twice w i t h  w a t e r  and t r e a t e d  
w i t h  c h a r c o a l .  The e t h e r  was d r i e d  ove r  anhydrous  magnesium s u l f a t e  and 
s t r i p p e d  t o  y i e l d  a l i g h t  brown l i q u i d  (16 .0  g ) .  The i n f r a r e d  spec t rum con- 
t a i n e d  t h e  expec ted  hydroxyl  a b s o r p t i o n  w i t h  a n  a b s e n c e  o f  any c a r b o n y l  
a b s o r p t i o n .  The m o l e c u l a r  weight  by VPO was 625,  and t h e  hydroxyl  e q u i v a l e n c y  
was 665. 

% F  - % C  % H  A n a l y s i s  : 
- - 

C a l c u l a t e d  f o r  C14,5H13F1804,5: 29.0 2.18 57 .0  

Found: 28.08 1.96 59.91 

5 .  By Reac t ion  o f  Poly(hexafluoropentatnethy1ene p e r f l u o r o g l u t a r a t e )  w i t h  
S u l  f u r  T e t r a  f l u o r  i d  e 

a .  P r e p a r a t i o n  o f  Poly(hexafluoropentamethy1ene p e r f l u o r o g l u t a r a t e )  

0 0 0 
I I  II ii 

OCH~(CF~)~CH~-O-C-(CF~)~-C HOCH2 ( CF2) 3CH20H + C 1 - C  - (CF2) -C -C 1 

H e x a f l u o r o p e n t a n e d i o l  (101 .6  g ,  0.48 mole) and p e r f l u o r o g l u t a r y l  
c h l o r i d e  (110.8 g ,  0.4 mole) were s t i r r e d  a t  78°C f o r  2 h o u r s ,  fo l lowed  by 
16 hour s  a t  11Oo-120"C. Hydrogen c h l o r i d e  e v o l u t i o n  was obse rved  a s  soon a s  
t h e  d i o l  went i n t o  s o l u t i o n  a t  78°C. The t e m p e r a t u r e  was t h e n  i n c r e a s e d  t o  
200°C f o r  2 hours and t h e  excess d i o l  s t r i p p e d  under  r educed  p r e s s u r e  a t  
200"-210°C d u r i n g  6 h o u r s .  A 76% y i e l d  (150  g )  of a p a l e  y e l l o w  v i s c o u s  l i q u i d  
was o b t a i n e d  which c r y s t a l l i z e d  on s t a n d i n g .  The m o l e c u l a r  we igh t  by VPO was 
3244. 

b .  R e a c t i o n  o f  Poly(hexafluoropentamethy1ene p e r f l u o r o g l u t a r a t e )  
w i t h  S u l f u r  T e t r a f l u o r i d e  
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Poly(hexafluoropentamethy1ene p e r f  l u o r o g l u t a r a t e )  o f  4020 molecular  
we igh t  (20 g ) ,  s u l f u r  t e t r a f l u o r i d e  (20 g ) ,  and boron t r i f l u o r i d e  ( 0 . 5  g )  
were  r e a c t e d  i n  a bomb f o r  16 hours  a t  200°C. The bomb was coo led  and t i le 
w h i t e  p roduc t  d i s s o l v e d  i n  e t h e r ,  t h e n  washed t h r e e  t i m e s  w i t h  w a t e r .  The 
e t h e r  s o l u t i o n  was d r i e d  w i t h  magnesium s u l f a t e  and 19 g of p roduc t  was 
o b t a i n e d  a f t e r  removal of t h e  s o l v e n t .  The i n f r a r e d  s p e c t r u m  i n d i c a t e d  a 
d e c r e a s e  i n  t h e  hydroxyl  and c a r b o n y l  peaks .  The molecu la r  w e i g h t ,  a s  
d e t e r m i n e d  by VPO, was 1760. 

Ana lys i s  : 
% F  - % H  - % C  - 

C a l c u l a t e d  f o r  P o l y e s t e r :  29.4 0 .98  56 .O 

C a l c u l a t e d  f o r  P o l y e t h e r :  26.1  0.87 66 .0  

Found : 28.08  1 .38  56 .73  

c .  Attempted A c e t y l a t i o n  of t h e  Hydroxyl-Terminated Po ly (hexa f1uoro -  
pen tame thy lene  p e r f l u o r o g l u t a r a t  e) 

0 0 
li I1 

HOCH2(CF2)3CH2-0 C-(CF2)3-C-O-CH2(CF H + CH3-C-C1 f > 1 

(1) With A c e t y l  C h l o r i d e  

Hydroxy l - t e rmina ted  poly(hexafluoropentamethy1ene p e r f l u o r o -  
g l u t a r a t e )  o f  3244 m o l e c u l a r  weight  (15 g)  and a c e t y l  c h l o r i d e  (15 g )  were 
r e f l u x e d  f o r  4 hours .  The e x c e s s  a c e t y l  c h l o r i d e  was t h e n  removed. The 
i n f r a r e d  spec t rum of t h e  v i s c o u s  l i q u i d  r ema in ing  was i d e n t i c a l  t o  t h a t  o f  
s t a r t i n g  m a t e r i a l ,  e x c e p t  f o r  a s l i g h t  d e c r e a s e  i n  t h e  hydroxy l  peak .  The 
m o l e c u l a r  weight  by VPO was 4195. 

( 2 )  With A c e t y l  C h l o r i d e  i n  P y r i d i n e  

The above  r e a c t i o n  was r e p e a t e d  u s i n g  p y r i d i n e  a s  an a c i d  
a c c e p t o r  a s  f o l l o w s :  The p o l y e s t e r  (20 g )  was d i s s o l v e d  i n  50 ml of p y r i d i n e .  
A c e t y l  c h l o r i d e  (15 g )  was s l o w l y  added and t h e  m i x t u r e  r e a c t e d  a t  80°C f o r  
4 h o u r s ,  coo led  and poured i n t o  500 m l  of 10% h y d r o c h l o r i c  a c i d .  The p roduc t  
was e x t r a c t e d  w i t h  e t h e r ,  washed t w i c e  w i t h  w a t e r ,  and d r i e d  ove r  magnesium 
s u l f a t e .  A b l a c k  v i s c o u s  l i q u i d  was o b t a i n e d  a f t e r  removal  of t h e  e t h e r .  
The p o l y e s t e r  a p p a r e n t l y  depolymer ized  unde r  t h e  b a s i c  c o n d i t i o n s .  
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( 3 )  With A'cetic Anhydr ide  

The p rocedure  d e s c r i b e d  above  f o r  t h e  a c e t y l a t i o n  of hydroxy l -  

D e g r a d a t i o n  o f  t h e  p o l y e s t e r  
t e r m i n a t e d  poly(hexafluoropentamethy1ene c a r b o n a t e )  was fo l lowed  w i t h  po ly -  
(hexafluoropentamethylene p e r f l u o r o g l u t a r a t e ) .  
o c c u r r e d .  

D .  Monomers 

1. P r e p a r a t i o n  o f  t h e  D i l i t h i u m  S a l t  of H e x a f l u o r o p e n t a n e d i o l  

a .  From n-Buty l  L i t h i u m  ( P r e p a r e d  from n - b u t y l  bromide) 

+ 2 CH3CH2CH2CH2Li + HOCH2 (CF2) 3CH20H 

Dry e t h e r  (500  ml) c o n t a i n i n g  l i t h i u m  m e t a l  (8 .6  g ,  1.25 mole)  was 

The s o l u t i o n  was warmed t o  
c o o l e d  t o  -1O"C, t h e n  n - b u t y l  bromide  (69 .0  g ,  0 .5  mole) was added ove r  a 
1-112-hour pe r iod  w i t h - s t i r r i n g  under  n i t r o g e n .  
+lO"C and s t i r r e d  f o r  1 a d d i t i o n a l  h o u r ,  t h e n  p l a c e d  i n  a r e f r i g e r a t o r  o v e r -  
n i g h t .  It was t h e n  f i l t e r e d  t h r o u g h  g l a s s  wool .  

H e x a f l u o r o p e n t a n e d i o l  (42.4 g ,  0.2 mole) i n  e t h e r  (200  ml) was added 
A s m a l l  amount t o  t h i s  n - b u t y l  l i t h i u m  s o l u t i o n  a t  5°C ove r  a 4-hour p e r i o d .  

of f i n e  w h i t e  s o l i d  formed and was f i l t e r e d  o f f .  Hexane was added t o  t h e  
e t h e r  s o l u t i o n  c a u s i n g  p r e c i p i t a t i o n  of 62 .3  g of a w h i t e  s o l i d .  A n a l y s i s  
showed t h a t  65% of t h i s  s o l i d  was l i t h i u m  bromide  and t h e  r ema inde r  was 
p r o b a b l y  t h e  monol i th ium s a l t  of h e x a f l u o r o p e n t a n e d i o l .  The e q u i v a l e n t  we igh t  
o f  t h e  s o l i d  w a s  720. T h i s  amounts t o  a n  e q u i v a l e n t  we igh t  of 250 when c o r r e c t e d  
f o r  l i t h i u m  bromide c o n t e n t  ( t h e o r e t i c a l  e q u i v a l e n t  we igh t  f o r  t h e  d i l i t h i u m  
s a l t  = 112;  f o r  t h e  monol i th ium s a l t  = 224) .  

b .  From Methyl L i t h i u m  ( P r e p a r e d  from methy l  bromide)  

H e x a f l u o r o p e n t a n e d i o l  ( 8 4 . 8  g ,  0.4 mole)  was d i s s o l v e d  i n  1 A of  
e t h e r .  Methyl  l i t h i u m  (2 .15  M s o l u t i o n ,  466 ml, 1 . 0  mole) i n  e t h e r  was s l o w l y  
added ove r  a 2-hour p e r i o d .  T h e r e  was a v e r y  v i g o r o u s  e v o l u t i o n  of g a s ,  and 
a d e n s e  w h i t e  p r e c i p i t a t e  formed. S t i r r i n g  was c o n t i n u e d  f o r  an  a d d i t i o n a l  
2 h o u r s .  The p roduc t  was f i l t e r e d  o f f  and d r i e d  under  vacuum i n  a d e s s i c a t o r  
f o r  16 h o u r s .  The s o l i d  p roduc t  o b t a i n e d  weighed 1 2 1  g ( t h e o r e t i c a l  y i e l d  = 
89.6 g )  and had a n  e q u i v a l e n t  we igh t  o f  172.7 ( t h e o r e t i c a l  e q u i v a l e n t  weight  = 
112) .  The excess  m a t e r i a l  was l i t h i u m  bromide  which  was i n  t h e  o r i g i n a l  me thy l  
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l i t h i u m  s o l u t i o n  a s  t h e  s o l u b l e  complex s a l t .  E l e m e n t a l  a n a l y s i s  i n d i c a t e d  
a complex product  w i t h  t h e  p o s s i b i l i t y  of  an e t h e r  of  c r y s t a l l i z a t i o n  b e i n g  
p r e s e n t .  

c .  P r e p a r a t i o n  o f  Methyl  L i t h i u m  S o l u t i o n  

L i t h i u m  m e t a l  r i b b o n  (13.96 g ,  2 .00 mole) was c u t  i n t o  a p p r o x i m a t e l y  
1 / 1 6 - i n .  x 112- in .  p i e c e s  and dropped i n t o  d r y  e t h e r  under  a n  a r g o n  f l u s h .  
The c l e a n  l i t h i u m  chunks were f i l t e r e d  o f f  and t r a n s f e r r e d  t o  a 2 - 1  f l a s k  
f i t t e d  w i t h  an a r g o n  i n l e t ,  c o n d e n s e r ,  low t e m p e r a t u r e  thermometer ,  and s t i r r e r  
and c o n t a i n i n g  anhydrous e t h e r  (1000 m l ) .  The c o n t e n t s  of  t h e  f l a s k  were 
c o o l e d  t o  -25"C, and m e t h y l  c h l o r i d e  (50.5 g ,  1 . 0  mole) was added over  a 
3-hour  p e r i o d .  A w h i t e  p r e c i p i t a t e  g r a d u a l l y  formed d u r i n g  t h e  a d d i t i o n .  
S t i r r i n g  was c o n t i n u e d  a t  -25"C, and t h e  s l u r r y  was a l lowed t o  s t a n d  over -  
n i g h t  a t  room t e m p e r a t u r e .  A l l  subsequent  o p e r a t i o n s  were c a r r i e d  o u t  i n  a 
p o l y e t h y l e n e  "dry bag" under  a n  a r g o n  a tmosphere .  The p r e c i p i t a t e  of l i t h i u m  
c h l o r i d e  was f i l t e r e d  o f f  and t h e  r e s u l t i n g  e t h e r e a l  s o l u t i o n  a n a l y z e d  f o r  
methyl  l i t h i u m  and c h l o r i d e  i o n  c o n c e n t r a t i o n .  

M <H3Li  = 0.89 m o l e l l i t e r  %l - = 0.078 m o l e l l i t e r  

d .  F r e p a r a t i o n  o f  t h e  Di-Li thium S a l t  o f  H e x a f l u o r o p e n t a n e d i o l  

H e x a f l u o r o p e n t a n e d i o l  (74.2 g ,  0.35 mole)  was d i s s o l v e d  i n  e t h e r  
(300 m l )  and added t o  t h e  s t i r r e d  methyl  l i t h i u m  s o l u t i o n  from above (850 m l ,  
0.89 M = 0.756 mole) .  The a d d i t i o n  was c a r r i e d  o u t  i n  t h e  "dry bag ,"  under  
argon, a t  room t e m p e r a t u r e .  There was a v i g o r o u s  e v o l u t i o n  o f  g a s  upon a d d i -  
t i o n  and a p r e c i p i t a t e  began t o  form a f t e r  a p p r o x i m a t e l y  50 ml o f  t h e  d i o l  
s o l u t i o n  had been added.  The a d d i t i o n  was c a r r i e d  o u t  o v e r  a 4-hour  p e r i o d .  
Another  1000 ml o f  e t h e r  were added t o  f a c i l i t a t e  s t i r r i n g ,  and t h e  s t i r r i n g  
was c o n t i n u e d  f o r  3 a d d i t i o n a l  h o u r s .  The s e m i g e l a t i n o u s  s o l i d  was f i l t e r e d  
o f f  and t r a n s f e r r e d  ( w e t )  t o  a vacuum d e s i c c a t o r  and d r i e d  ( a t  1 mm Hg) over -  
n i g h t .  The r e s u l t i n g  s o l i d  m a t e r i a l  was b r o k e n  up and a g a i n  s t r i p p e d  o f  
s o l v e n t ,  y i e l d i n g  82 g of  p r o d u c t .  The e q u i v a l e n t  w e i g h t  was 118.2 g l e q u i v a -  
l e n t  ( t h e o r y  = 112 g l e q u i v a l e n t ) .  

2 .  P r e p a r a t i o n  o f  H e x a f l u o r o i s o p r o p y l  A l c o h o l  

0 OH 
II I 

CF3-C-CF + NaBH4 __I__) CF3-CH-CF 3 3 

I n t o  a l O O O - m l ,  th ree-necked  f l a s k  equipped  w i t h  s t i r r e r ,  thermometer  , 
and a d d i t i o n  f u n n e l  were i n t r o d u c e d  f r e s h l y  d i s t i l l e d  d ig lyme (250 m l )  and 
sodium b o r o h y d r i d e  (20 g ) .  The m i x t u r e  was h e a t e d  t o  100°C t o  a l l o w  s o l u t i o n  
o f  t h e  h y d r i d e .  The s o l u t i o n  was cooled and h e x a f l u o r o a c e t o n e  ( a p p r o x i m a t e l y  
75 g )  was added d u r i n g  2 h o u r s .  A f t e r  t h e  a d d i t i o n  was f i n i s h e d  i t  was 
s t i r r e d  f o r  2 hours  a t  room t e m p e r a t u r e  and h e a t e d  t o  50"-70°C f o r  1 hour  t o  
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remove un reac ted  h e x a f l u o r o a c e t o n e .  The c o o l e d  s o l u t i o n  was poured  i n t o  
350 m l  of 12% h y d r o c h l o r i c  a c i d .  
d r i e d  ove r  magnesium s u l f a t e ,  and d i s t i l l e d .  
between 58°C and 85°C were c o l l e c t e d ,  which was r e d i s t i l l e d  y i e l d i n g  38  g of 
> 97% p u r e  h e x a f l u o r o i s o p r o p a n o l ,  bp 58°C. 

The o i l  t h a t  s e p a r a t e d  was washed w i t h  w a t e r ,  
F i f t y  grams o f  m a t e r i a l  b o i l i n g  

3 .  P r e p a r a t i o n  o f  Hexafluoropentamethylene Oxide  

Hexafluoropentamethylene o x i d e  was p r e p a r e d  f o l l o w i n g  t h e  p r o c e d u r e  
d e s c r i b e d  i n  Annual Summary Repor t  I. 

4.  P r e p a r a t i o n  and R e a c t i o n s  o f  Hexafluoropentamethylene B i s ( t r i f 1 u o r o -  
methane S u l f o n a t e )  

a .  P r e p a r a t i o n  of Hexafluoropentamethylene B i s ( t r i f 1 u o r o m e t h a n e  
s u l f o n a t e )  

HOCH2 (CF2)3CH20H + 2 CF3S02C 1 C F S 0 2 0 C  H2 (CF ) 3C H2 0 SO C F 

H e x a f l u o r o p e n t a n e d i o l  (10 .6  g ,  0 .05  mole) and p y r i d i n e  (8.7 g ,  
0 . 1 1  mole) were d i s s o l v e d  i n  me thy lene  c h l o r i d e  (50  ml)  and cha rged  t o  t h e  
r e a c t i o n  f l a s k .  The f l a s k  was coo led  w i t h  a n  i c e - w a t e r  b a t h  t o  10°C. T r i -  
f l u o r o m e t h a n e s u l f o n y l  c h l o r i d e  (16 .8  g ,  0.1 mole)  i n  me thy lene  c h l o r i d e  (25  ml)  
was added a t  such  a r a t e  t h a t  t h e  s t i r r e d  r e a c t i o n  t e m p e r a t u r e  was h e l d  be tween 
15°C and 20°C (45 m i n u t e s ) .  P y r i d i n e  h y d r o c h l o r i d e  p r e c i p i t a t e d  d u r i n g  t h e  
a d d i t i o n .  Heat was a p p l i e d  and s t i r r i n g  was c o n t i n u e d  f o r  3 hours  a t  r e f l u x  
(40°C). The r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  s o l v e n t  s t r i p p e d  under  r e -  
duced p r e s s u r e .  The c r u d e  d i s u l f o n a t e  was d i s t i l l e d ,  t h e  f r a c t i o n  b o i l i n g  
be tween 90°C and 92°C a t  1 mm Hg was c o l l e c t e d ;  16 .4  g (68.5% y i e l d )  of 
p roduc t  was o b t a i n e d .  

% S  - % F  - % H  - % C  
A n a l y s i s :  

C a l c u l a t e d  f o r  C7H406S2F12: 17.64 0.84 47.89 13.44 

Found: 17 .55  0 .79  47.76 13.57 

- 

b .  Attempted P r e p a r a t i o n  o f  Tri(hexafluoropenty1ene) Glyco l  

(1) With t h e  Monosodium S a l t  o f  H e x a f l u o r o p e n t a n e d i o l  

CF3S020CH2 (CF2)3CH20S02CF3 + 2 HOCH2 (CF2) 3CH20 Na a+ 
H+CH2(CF2)3CH2 OH + 2 CF3S03 0 0  Na 
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The monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  (5 .85 g ,  0.025 mole) 
was p a r t i a l l y  d i s s o l v e d  i n  THF (50  m l ) .  Hexafluoropentamethylene b i s ( t r i -  
f l u o r o m e t h a n e  s u l f o n a t e )  (4 .6  g ,  0 .01  mole) i n  THF (25 ml)  was added w i t h  
s t i r r i n g .  T h e r e  was a slov exotherm t o  31°C. When t h e  t e m p e r a t u r e  began t o  
d e c r e a s e ,  i t  was r a i s e d  t o  r e f l u x .  A f t e r  4 hours  of r e f l u x ,  t h e  m i x t u r e  was 
c o o l e d ,  poured i n t o  w a t e r  (200  m l ) ,  and a c i d i f i e d .  The d e n s e r  o r g a n i c  l a y e r  
was s e p a r a t e d ,  d r i e d  over  anhydrous magnesium s u l f a t e ,  and d i s t i l l e d .  The 
f r a c t i o n  b o i l i n g  between 90°C and 103°C ( a p p r o x i m a t e l y  2 g)  was shown t o  be 
hexafluoropentamethylene o x i d e  and some h e x a f l u o r o p e n t a n e d i o l .  Subsequent  
d i s t i l l a t i o n ,  under  reduced  p r e s s u r e ,  of t h e  r ema in ing  m a t e r i a l ,  r e s u l t e d  i n  
r e c o v e r y  o f  more d i o l .  None o f  t h e  d e s i r e d  m a t e r i a l  was r e c o v e r e d .  

( 2 )  With Hexa f l u o r o p e n  t a n e d i  o l  

f- CF3S02-O-CH2 (CF2)3CH20-S02CF3 + 2 HOCH2 (CF2) 3CH20H 

( a )  I n  Diglyme 

H e x a f l u o r o p e n t a n e d i o l  (5 .1  g ,  0.024 mole) and h e x a f l u o r o -  
pentamethylene-bis(trif1uoromethane s u l f o n a t e )  (5 .5  g ,  0.0115 mole)  were 
d i s s o l v e d  i n  t r i g l y m e  (50 m l )  (bp 192"-193°C). The s o l u t i o n  was r e f l u x e d  
o v e r n i g h t .  A t  t h e  end o f  t h i s  t i m e ,  t h e  t e m p e r a t u r e  ( a t  r e f l u x )  was o n l y  
130°C. 
p o t  t e m p e r a t u r e  was 195°C. S e v e r a l  cu ts  were  o b t a i n e d  b u t  none o f  t h e s e  were 
f l u o r i n e - c o n t a i n i n g  m a t e r i a l s .  D i s t i l l a t i o n  was c o n t i n u e d  under  r educed  
p r e s s u r e .  The f r a c t i o n  b o i l i n g  between 85°C and 95°C a t  1 mm Hg was c o l l e c t e d  
(9.7 g ) .  Upon s t a n d i n g ,  a w h i t e  s o l i d  p r e c i p i t a t e d .  Th i s  was f i l t e r e d  o f f  
(4 .3  g )  and i d e n t i f i e d  a s  h e x a f l u o r o p e n t a n e d i o l  by i n f r a r e d  s p e c t r o s c o p y .  
The f i l t r a t e  was washed q u i c k l y  w i t h  d i l u t e  sodium h y d r o x i d e ,  t h e n  w i t h  w a t e r  
and d r i e d  ove r  anhydrous magnesium s u l f a t e .  The i n f r a r e d  s p e c t r u m  o f  t h i s  
l i q u i d  w a s  i d e n t i c a l  t o  t h a t  o f  t h e  s t a r t i n g  d i s u l f o n a t e  es te r .  

The s o l u t i o n  was t h e n  d i s t i l l e d  under  a t m o s p h e r i c  p r e s s u r e  u n t i l  t h e  

( b )  I n  DMF 

Hexa f l u o r  open tamet hy lene  b i s  ( t r i  f luoromet  hane  sul f ona t e )  
( 3 . 3  g ,  0.007 mole) and h e x a f l u o r o p e n t a n e d i o l  (4.24 g ,  0.02 mole) were r e f l u x e d  
f o r  18 hour s  i n  25 m l  o f  DMF. Most of t h e  DNF was t h e n  s t r i p p e d  o f f  on t h e  
r o t a r y  e v a p o r a t o r .  The r ema in ing  s o l u t i o n  was d i s t i l l e d  under  vacuum, y i e l d i n g  
2.4 g o f  a l i q u i d ,  b o i l i n g  a t  92"-94°C a t  1 . 5  mm Hg, and 4 .0  g of a brown 
s o l i d  a s  r e s i d u e .  None o f  t h e  d e s i r e d  p r o d u c t  was i s o l a t e d .  
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c . - A t  tempted P r e p a r a  t i o n  o f  3 , 3 , 4 , 4  , 5 , 5-Hexa f l u o r o p i m e l o n i  t r  i l e  

CF3C020CH2(CF2)3CH20S02CF3 + 2 KCN 
(2NaCN) 

0 0  
NCCH2(CF2)3CH2CN + 2 CF3S03 K 

(1) With Po ta s s ium Cyanide  

Po ta s s ium c y a n i d e  (1.6 g ,  0.028 mole) was d i s s o l v e d  i n  DMF 
(50 ml) and charged  t o  a r e a c t i o n  f l a s k .  Hexafluoropentamethylene-bis(tri- 
f luo romethane  s u l f o n a t e )  (4.7 g ,  0.01 mole) i n  DMF (25  ml)  was added .  The 
s o l u t i o n  became d a r k  r e d  upon a d d i t i o n .  The s t i r r e d  s o l u t i o n  was h e a t e d  t o  
80°C and he ld  a t  t h a t  t e m p e r a t u r e  f o r  6 h o u r s ,  t h e n  was a l lowed  t o  c o o l  and 
s t a n d  o v e r n i g h t .  The d a r k  brown m i x t u r e  was poured  i n t o  w a t e r  (200  m l ) .  
The re  were  no i n s o l u b l e s .  The aqueous m i x t u r e  was e x t r a c t e d  w i t h  t h r e e  50-1111 
p o r t i o n s  o f  e t h e r ,  t h e  e t h e r  e x t r a c t s  d r i e d  o v e r  anhydrous  magnesium s u l f a t e  
and t h e  s o l v e n t  s t r i p p e d  under  r educed  p r e s s u r e .  A s m a l l  amount (< 1 g )  o f  
d a r k  brown l i q u i d  which was shown t o  b e  DXF and < 1 g of f l u o r i n e  c o n t a i n i n g  
m a t e r i a l  were i s o l a t e d  which  showed no  n i t r i l e  peak by i n f r a r e d  s p e c t r o s c o p y .  

( 2 )  With Sodium Cyanide  

Hexafluoropentamethylene b i s ( t r i f 1 u o r o m e t h a n e  s u l f o n a t e ) ( 3 . 3  g ,  
0.007 mole)  and sodium c y a n i d e  (2 .0  g ,  0.04 mole) were  r e f l u x e d  i n  25 m l  o f  
DMF f o r  18 hours. There  was no  a p p a r e n t  r e a c t i o n .  

5. P e r f l u o r o p r o p y l e n e  Oxide 

a .  ImDroved P r e D a r a t i o n  of Pe r f luo roDroDvlene  Oxide  

- / O \  

k CF3-CF- CF2 
OH CF3-CF=CF2 + H20 

1. Potass ium hydrox ide  (100.8 g ,  1.8 m o l e ) ,  me thano l  (900 m l ) ,  and 
w a t e r  (180  ml)  were cha rged  t o  a t h r e e - n e c k e d  f l a s k  equipped  w i t h  a d r y  
i c e - a c e t o n e  condense r ,  thermometer and s t i r re r .  The s o l u t i o n  was c o o l e d  t o  
-35"C, and 590  ml of 30% hydrogen p e r o x i d e  was added .  A t  a s o l u t i o n  tempera- 
t u r e  o f  -4O"C,  p e r f l u o r o p r o p y l e n e  (144 .0  g ,  0.95 mole)  was added a s  a l i q u i d .  
The s o l u t i o n  was s t i r r e d  f o r  2-112 hours  a t  a t e m p e r a t u r e  of between -35°C 
and -40°C. The p r o d u c t  was d i s t i l l e d  and c o l l e c t e d  i n  d r y  i c e  - a c e t o n e  t r a p s  
as t h e  s o l u t i o n  t e m p e r a t u r e  was a l lowed  t o  r i s e  t o  +lO"C ove r  a 1-hour p e r i o d .  
The m i x t u r e  o f  epox ide  and u n r e a c t e d  o l e f i n  was t h e n  d i s t i l l e d  from t h e  t r a p s  
t o  a s t a i n l e s s  s t e e l  bomb. The y i e l d  o f  c r u d e  p r o d u c t  was 72.4 g .  
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2 .  Th i s  r e a c t i o n  was r u n  e x a c t l y  a s  above ,  excep t  t h a t  t h e  t i m e  
a l lowed  f o r  s t i r r i n g  t h e  s o l u t i o n  a t  t e m p e r a t u r e s  between -35°C and -40°C was 
2-314 h o u r s ,  and t ime f o r  c o l l e c t i o n  of p roduc t  was 1-112 h o u r s .  The weight  
o f  c r u d e  p roduc t  o b t a i n e d  was 73.0 g .  However, t h e  i n f r a r e d  spec t rum showed 
a marked improvement i n  t h e  r a t i o  o f  epox ide  t o  o l e f i n  ove r  t h e  p r e v i o u s  r u n .  

b .  Attempted P u r i f i c a t i o n  of Crude P e r f l u o r o p r o p y l e n e  Oxide 

A m i x t u r e  of p e r f l u o r o p r o p y l e n e  o x i d e  and p e r f l u o r o p r o p y l e n e  (72 .4  g 
t o t a l )  was bubbled  t h r o u g h  200 m l  o f  ca rbon  t e t r a c h l o r i d e  c o n t a i n i n g  30 g o f  
bromine a t  room t e m p e r a t u r e ,  t h e  product  b e i n g  c o l l e c t e d  i n  a d r y  i c e  - a c e t o n e  
t r a p .  The m i x t u r e  was pas sed  t h r o u g h  t h e  bromine s o l u t i o n  a t  a r a t e  o f  abou t  
112 g p e r  minu te .  Upon comple t ion  o f  t h e  r e a c t i o n ,  mercury was added t o  t h e  
c o l l e c t e d  p roduc t  t o  remove any bromine t h a t  had been  swept o v e r .  The p r o d u c t  
was t h e n  d i s t i l l e d  i n t o  a s t a i n l e s s  s t e e l  bomb. An i n f r a r e d  s p e c t r u m  of t h e  
p r o d u c t  (51.0 g )  showed some improvement i n  t h e  r a t i o  of epox ide  t o  o l e f i n ,  
b u t  t h e  o l e f i n  r ema in ing  was s t i l l  a l a r g e  p o r t i o n  o f  t h e  t o t a l .  

C .  P u r i f i c a t i o n  o f  Crude P e r f l u o r o p r o p y l e n e  Oxide 

Bromine (30 g )  and ca rbon  t e t r a c h l o r i d e  (1000 m l )  were cha rged  t o  a 
2-4 f l a s k  f i t t e d  w i t h  a s t i r r e r ,  thermometer ,  g a s  b u b b l e  t u b e ,  and a d r y  
i c e  - a c e t o n e  condense r .  A m i x t u r e  o f  p e r f l u o r o p r o p y l e n e  o x i d e  and p e r f l u o r o -  
p r o p y l e n e  (73 .0  g t o t a l )  was bubbled  i n t o  t h e  bromine s o l u t i o n  a t  -20°C ove r  
a 1 1 2  hour  p e r i o d .  The s o l u t i o n  was then  h e l d  a t  a g e n t l e  r e f l u x  f o r  an  
a d d i t i o n a l  1-112 h o u r s .  The p roduc t  was a l lowed  t o  d i s t i l l  i n t o  a d r y  i c e  - 
a c e t o n e  t r a p .  Mercury was added t o  remove any  bromine t h a t  had been  s w e p t  
o v e r ,  and t h e  p roduc t  was r e d i s t i l l e d  i n t o  a s t a i n l e s s  s t e e l  bomb. An i n f r a -  
r e d  s p e c t r u m  o f  t h e  p roduc t  (24.0 g )  showed no  o l e f i n  r e m a i n i n g .  

6.  P r e p a r a t i o n  o f  Dimethyl  E s t e r  o f  D i f l u o r o g l u t a r i c  Acid 

0 0 0 0 0 

CH30-C-CH2-C-CH 2 -C-OCH3 + 2 SF4 -. CH30-C-CH2CF2CH2C-OCH3 
I' II II 1 II  

S u l f u r  t e t r a f l u o r i d e  (21 .6  g ,  0.2 mole)  was condensed i n t o  a bomb con- 
t a i n i n g  d i m e t h y l a c e t o n e  d i c a r b o x y l a t e  (17 .4  g ,  0 . 1  m o l e ) ,  and h e a t e d  i n  t h e  
s h a k e r  o v e r n i g h t  a t  172°C. The excess  s u l f u r  t e t r a f l u o r i d e  was t h e n  a l lowed  
t o  e s c a p e .  The l i q u i d  was removed, t h e  bomb washed w i t h  e t h e r ,  and t h e  e t h e r  
e x t r a c t  combined w i t h  t h e  l i q u i d .  Sodium f l u o r i d e  was added t o  remove any  
hydrogen  f l u o r i d e  and f i l t e r e d .  The f i l t r a t e  was d i s t i l l e d  under vacuum t o  
y i e l d  4.5 g o f  a y e l l o w  l i q u i d  b o i l i n g  a t  60"-64"C a t  2 mm Hg. 
a n a l y s i s  and Vpc i n d i c a t e d  t h a t  t h i s  l i q u i d  was a m i x t u r e  o f  p r o d u c t s .  

The e l e m e n t a l  
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7 .  Attempted P r e p a r a t i o n  o f  1,6-Diiodo-3,3,4,4-Tetrafluorohexane 

V i t o n  LM, having  a molecu la r  we igh t  o f  2520 (25.2 g ,  0.01 m o l e ) ,  t h e  
monosodium s a l t  of h e x a f l u o r o e p n t a n e d i o l  (7  .O g ,  0 .03  mole)  and d ime thy l -  
a c e t a m i d e  (DMAC) (30  ml)  were mixed a t  150°C o v e r n i g h t .  Based on t h e  i n f r a r e d  
spec t rum,  t h e r e  was no r e a c t i o n .  I 

ICF2CF21 + 2 CH2=CH2 I C  H2C H2C F 2C F C H2C H2 I 

L 

1,2-Diiodotetrafluoroethane ( 3 5 . 4  g ,  0 .1  mole) was cha rged  t o  a 300-ml 
s t a i n l e s s  s t e e l  bomb. Benzoyl p e r o x i d e  (BZP)(O.1 g )  was added and t h e  bomb 
was coo led  i n  l i q u i d  n i t r o g e n .  The bomb was t h e n  r e p e a t e d l y  purged w i t h  d r y  
n i t r o g e n  and evacua ted .  E t h y l e n e  (8.1 g ,  0.29 mole)  was condensed i n  and t h e  
s e a l e d  bomb t r a n s f e r r e d  t o  a hea ted  s h a k e r  mechanism. The bomb was hea ted  t o  
127°C and h e l d  a t  t h i s  t e m p e r a t u r e  f o r  10 hour s .  A f t e r  c o o l i n g ,  t h e  v o l a t i l e  
m a t e r i a l s  were ven ted  (8.0 g o f  u n r e a c t e d  e t h y l e n e )  and t h e  c o n t e n t s  o f  t h e  
bomb t r a n s f e r r e d  t o  a d i s t i l l a t i o n  f l a s k .  D i s t i l l a t i o n  of  t h i s  m a t e r i a l  
y i e l d e d  o n l y  un reac ted  1,2-diiodotetrafluoroethane and some i o d i n e .  

The r e a c t i o n  was r e p e a t e d  t h r e e  t i m e s  w i t h  t h e  same r e s u l t s .  

8. R e a c t i o n s  of V i ton  LM 

a .  Attempted R e a c t i o n  of  V i ton  LM w i t h  t h e  Monosodium S a l t  of 
Hexa f l u o r  op e n t  an  ed i o l  

CH2 I 
(CF2)3-CH20H 
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b .  Attempted R e a c t i o n  of V i t o n  L?I w i t h  Hexafluoropentanediamine 

V i t o n  LM (25.2 g ,  0 .01  mole)  and hexafluoropentanediamine ( 6 . 3  g ,  
0 .03  mole)  were mixed a t  19O0-21O0C f o r  24 hours  u n d e r  n i t r o g e n .  The re  was 
n o  a p p a r e n t  r e a c t i o n .  

9 .  At tempted  P r e p a r a t i o n  of 1,4-Bis(5-hydroxyhexafluoropentoxy)tetrafluoro- 
benzene  

a .  By R e a c t i o n  of Hexaf luorobenzene  and H e x a f l u o r o p e n t a n e d i o l  

2 HOcH2 ( C F * ) ~ C H ~ O H  + @ 4 HOCH2(CF2)3CH2-0 OCH2 (CF2)3CH20H 

Hexaf luorobenzene  (18 .6  g ,  0 . 1  mole)  , h e x a f l u o r o p e n t a n e d i o l  (42 .4  g ,  
0.2 m o l e ) ,  po ta s s ium hydrox ide  (11.2 g ,  0 .2  m o l e ) ,  and DMF (150 ml) were 
s t i r r e d  f o r  1 h o u r . '  The s o l u t i o n  t e m p e r a t u r e  r o s e  t o  68°C i n  t h e  f i r s t  
112 h o u r ,  t h e n  r e t u r n e d  t o  room t e m p e r a t u r e .  The s o l u t i o n  was poured i n t o  
w a t e r  w i t h  s t i r r i n g ,  and a w h i t e  s e m i s o l i d  was r e c o v e r e d  from t h e  w a t e r .  It 
was d i s s o l v e d  i n  THF and a g a i n  poured i n t o  w a t e r .  The p roduc t  was t h e n  d i s -  
s o l v e d  i n  THF and d r i e d  ove r  anhydrous magnesium s u l f a t e .  A f t e r  t h e  THF was 
removed, t h e  p roduc t  was f r a t i o n a l l y  d i s t i l l e d  (0 .5-1 .0  mm Hg). 

Cut 1 - bp 78"-124°C - 3 . 5  g ( l i q u i d )  - VPO = 370+10 - Hydroxyl e q u i v a l e n t  
@ 0.5-1.0 mm w t  = 757 

Cut 2 - bp 172"-188°C- 3 . 7  g ( w h i t e  - VPO = 525-115 - Hydroxyl e q u i v a l e n t  
@ 0 .5 -1 .0  mm s o l i d )  w t  = 421 

Res idue -  20.0 g (brown - VPO = 1040+_20- Hydroxyl e q u i v a l e n t  
s o l i d )  w t  = 797 
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A p o r t i o n  of Cut 2 ,  which remained i n  t h e  d i s t i l l i n g  head a f t e r  t h e  
d i s t i l l a t i o n ,  was s e n t  f o r  e l e m e n t a l  a n a l y s i s .  

% F  - Ana l y s i s  : % C  % H  - - 
Ca l c u l a  t ed f o r  C 16H10F 1604 : 33.6  1.75 53 .3  

Found: 33.42 1 .66  52.32 

b .  p r e p a r a t i o n  o f  5-Hydroxyhexafluoropentoxy-pentafluorobenzene 

HOC H2 ( CF ) 3C H20H + @ V HOCH2(CF2)3CH2- 

Hexaf luorobenzene  (55 .8  g ,  0 . 3  mole) and p o t a s s i u m  hydrox ide  
(22 .4  g ,  0.42 mole) were mixed i n  250 m l  of DMF. H e x a f l u o r o p e n t a n e d i o l  (42 .4  g ,  
0.2 mole) i n  200 m l  o f  DMF was added s l o w l y  w i t h  s t i r r i n g  over  a 1 - 1 / 4  hour 
p e r i o d .  Dur ing  t h e  a d d i t i o n ,  t h e  t e m p e r a t u r e  o f  t h e  s o l u t i o n  was he ld  a t  
16"-18"C by us ing  an i c e  w a t e r  b a t h .  The s o l u t i o n  was s t i r r e d  f o r  a n  a d d i t i o n a l  
30  minu tes  a t  18°C a f t e r  t h e  a d d i t i o n  was comple t ed .  The s o l u t i o n  was t h e n  
poured i n t o  w a t e r ,  t h e  p roduc t  e x t r a c t e d  w i t h  e t h e r  and d r i e d  ove r  anhydrous  
magnesium s u l f a t e .  The e t h e r  was removed and t h e  p roduc t  v a c u u m - d i s t i l l e d .  

Cut 1 - b p  55"-110°C/8 mm 4 .0  g ( p r i m a r i l y  DMF) 

Cut 2 - bp 115"-17O0C/8 TIITI 14.4  g (L iqu id  mono-e ther )  

Cut 3 - bp 183"-184"C/8 TIITI 29.5 g ( C r y s t a l l i n e  s o l i d )  

R e s i d u e  25 .0  g 

c .  Capping of 5-Hydroxyhexafluoropentoxy-pentafluorobenzene 
w i t h  DihvdroDvran 

The monoet h e r  
of d i h y d r o p y r a n  w i t h  1 

' A f t e r  t h e  s o l u t i o n  had 

(5.0 g ,  0.0132 mole) was r e f l u x e d  o v e r n i g h t  i n  13 m l  
d rop  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a s  a c a t a l y s t .  
c o o l e d ,  two p e l l e t s  of p o t a s s i u m  hydrox ide  were  added 

and t h e  s o l u t i o n  s t i r r e d  f o r  112 hour .  The s o l u t i o n  was poured i n t o  w a t e r ,  
and t h e  d ihydropyran  s o l u t i o n  s e p a r a t e d  and d i s s o l v e d  i n  e t h e r .  
s o l u t i o n  was then  d r i e d  ove r  magnesium s u l f a t e .  E v a p o r a t i o n  of t h e  e t h e r  
under  reduced  p r e s s u r e  gave  4 .5  g of p r o d u c t .  The i n f r a r e d  s p e c t r u m  showed 
v e r y  l i t t l e  remain ing  h y d r o x y l ,  i n d i c a t i n g  t h a t  t h e  r e a c t i o n  proceeded  a s  
d e s i r e d .  

The e t h e r  
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10. Attempted P r e p a r a t i o n  of t h e  Monosodium S a l t  of  2 - T r i f l u o r o m e t h y l - 3 -  
oxa-2,4,4,5,5,6,6,7,7-nonafluoro-1,8-octanediol --- 

1% a 
HOCH2 (CF2)40CF-CH20H + Na ___) Na OCH2 (CF2)40-CF-CH20H 

00 or 

HOCH2 

a .  I n  p-Dioxane 

Sodium m e t a l  (0 .27  g ,  0.012 mole) and 2-trifluoromethyl-3-oxa- 
2,4,4,5,5,6,6,7,7-nonafluoro-lY8-octanedio1 (5.0 g ,  0.012 mole) were r e f l u x e d  
o v e r n i g h t  i n  p-d ioxane  (50 m l ) .  There  was no a p p a r e n t  r e a c t i o n .  

b .  I n  E t h e r  

Sodium m e t a l  (0.27 g ,  0.012 mole) and 2-trifluoromethyl-3-oxa- 
2,4,4,5,5,6,6,7,7-nonafluoro-1,8-octanediol (5 .0  g ,  0 ,012  mole)  were r e f l u x e d  
i n  50 m l  of  e t h e r  under  n i t r o g e n .  A f t e r  s e v e r a l  d a y s ,  a f i n e  w h i t e  p r e c i p i t a t e  
had s e t t l e d  o u t .  The s o l i d  (0.5 g) was f i l t e r e d  and b o t t l e d  u n d e r  n i t r o g e n .  
The e q u i v a l e n t  weight  was 335 ( c a l c u l a t e d  e q u i v a l e n t  w e i g h t ,  400). 
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V. CONCLUSIONS 

The p o l y u r e t h a n e  s y n t h e s i z e d  by r e a c t i o n  of t e t r a f l u o r o - m - p h e n y l e n e  d i -  
i s o c y a n a t e  w i t h  a hydroxy l - t e rmina ted  p o l y e t  her p r e p a r e d  from p e r f l u o r o -  
p r o p y l e n e  o x i d e  shows r e a l  p romise  a s  a LOX-compatible a d h e s i v e .  

The p o l y u r e t h a n e  s y n t h e s i z e d  by r e a c t i o n  o f  t e t r a f l u o r o - p - p h e n y l e n e  
d i i s o c y a n a t e  w i t h  a h y d r o x y l - t e r m i n a t e d  p o l y e t h e r  of h e x a f l u o r o b e n z e n e  and 
h e x a f l u o r o p e n t a n e d i o l  a l s o  shows good p o t e n t i a l  a s  a LOX-compatible a d h e s i v e .  

A u s a b l e  p o l y u r e t h a n e  canno t  b e  p r e p a r e d  from t h e  p o l y e t h e r  of c h l o r o -  
p e n t a f l u o r o i s o p r o p y l  a l c o h o l .  

The p o l y u r e t h a n e  p r e p a r e d  by r e a c t i o n  o f  t e t r a f l u o r o - m - p h e n y l e n e  d i -  
i s o c y a n a t e  w i t h  a hydroxy l - t e rmina ted  p o l y u r e t h a n e  from hexaf  l u o r o p e n t a n e -  
d i amine  and hexafluoropentamethylene b i s c h l o r o f o r m a t e  was t o o  b r i t t l e  t o  b e  
u s a b l e  as a n  a d h e s i v e .  

C o n s i d e r a b l y  c l e a n e r  p o l y e t h e r s  can  b e  p r e p a r e d  by r e a c t i o n  o f  hexa- 
f l u o r o b e n z e n e  w i t h  t h e  d i l i t  hium s a  It o f  hexa f l u o r o p e n t  a n e d i o l  t han  w i t h  
h e x a f l u o r o p e n t a n e d i o l  and p o t a s s i u m  hydrox ide  o r  w i t h  t h e  monosodium s a l t  
of hexaf  l u o r o p e n t a n e d i o l .  

C o n t r a r y  t o  e a r l i e r  b e l i e f s ,  DMF i s  n o t  t h e  o n l y  s o l v e n t  i n  which hexa- 
f l u o r o b e n z e n e  r e a c t s  w i t h  hexaf  l uo ropen taned  i o 1  and p o t a s s i u m  hydrox ide  t o  
g i v e  a p o l y e t h e r  i n  good y i e l d ;  t h e  r e a c t i o n  p roceeds  w e l l  i n  THF w i t h  DYF 
p r e s e n t  o n l y  a s  a c a t a l y s t .  

The r e a c t i o n  of f l u o r i n a t e d  p o l y c a r b o n a t e s  w i t h  s u l f u r  t e t r a f l u o r i d e  i s  
a p romis ing  new method o f  p r e p a r i n g  h i g h l y  f l u o r i n a t e d  p o l y e t h e r s .  

The r e a c t i o n  of f l u o r i n a t e d  p o l y e s t e r s  w i t h  s u l f u r  t e t r a f l u o r i d e  i s  n o t  
a p romis ing  method o f  p r e p a r i n g  h i g h l y  f l u o r i n a t e d  p o l y e t h e r s .  
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V I .  RECOMMENDATIONS FOR FUTUKE WORK 

Work shou ld  c o n t i n u e  on  t h e  o p t i m i z a t i o n  of t h e  p o l y u r e t h a n e  a d h e s i v e  
sys t em based  on t h e  p o l y e t h e r  from p e r f l u o r o p r o p y l e n e  o x i d e .  

Work s h o u l d  a l s o  c o n t i n u e  on t h e  o p t i m i z a t i o n  o f  t h e  p o l y u r e t h a n e  
a d h e s i v e  sys t em based  on t h e  p o l y e t h e r  of hexa f luo robenzene  and hexa- 
f l u o r o p e n t a n e d i o l .  

I n i t i a l  expe r imen t s  i n d i c a t e  t h a t  f l u o r o a l k y l  p o l y c a r b o n a t e s  r e a c t  
w i t h  s u l f u r  t e t r a f l u o r i d e  t o  y i e l d  p o l y e t h e r s ;  t h e  s t u d y  o f  t h i s  r e a c t i o n  
s h o u l d  b e  c o n t i n u e d .  
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